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INTRODUCTION 


he history of flight is a history 
of progress for humanity. Today, 
using air and space, we commu- 
nicate and travel, defend ourselves 
against various threats, and explore the 
world around us and the vastness of 
space beyond. Pessimists can point to 
alarming increases in the destructive 
capacity of humans due to atomically 
armed bombers and intercontinental 
ballistic missiles. Optimists—such as 
myself—can point to the tremendous 
benefits that air and space travel have 
given us. 
Flight is one of the oldest of human 
aspirations, and it is one that all peoples 





have shared. They have incorporated 
visions of flying deities, spirits, and 
people in their various cosmologies, 
theologies, and mythic pasts. Yet for all 


this global interest, the actual achieve- 
ment of human flight has greatly 
exceeded the expectations of those who 
dreamed what flight would give to 
humanity. They could hardly have 
conceived a world in which hundreds of 
millions of people each year journey 
from their homes to transportation cen- 
ters designed for aviation, where they 
enter specialized aircraft to rise several 
miles off the ground and travel at speeds 
of hundreds of miles per hour across 
their countries and around the globe. 

Indeed, those people who dreamed of 
flight largely did so at a time when they 
(with the aid of horses) could travel 
no faster than 6 miles per hour (9.7 kilo- 
meters per hour). This rate of mass 
mobility remained until the early years 
of the nineteenth century and the intro- 
duction of the steam railroad. By the 
beginning of the twentieth century, 
the steam locomotive had given people 
routine mass transportation at 60 miles 
per hour (97 kilometers per hour). 

Then came the airplane, which, by 
the turn of the twenty-first century, was 
whisking its passengers over thousands 
of miles at an average speed of 600 
miles per hour (970 kilometers per hour). 
If current interest in high-speed propul- 
sion continues, it is possible that our 
descendents will usher in the twenty- 
second century at a speed of 6,000 miles 
per hour (9,700 kilometers per hour)— 
such is the pace of mass mobility in the 
aerial age. 
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INTRODUCTION 


The achievement of flight has repre- 
sented the integration of diverse tech- 
nologies and disciplines: those of flight 
itself, such as aerodynamics; those of 
engineering, such as structures and 
propulsion; and those of related fields, 
such as electronics and communications. 
It was this integration process that took 
the kite, boomerang, turbine, and fire- 
work from their first, simple forms to the 
sophistication of the winged airplane, 
the helicopter, the jet engine, and the 
solid-and-liquid-fueled rocket. Even the 
pioneers (the Wright brothers and rocket 
scientist Robert Goddard, for example) 
were masters at blending the various 
elements into a satisfactory whole. 

Human flight was first achieved at 
the end of the eighteenth century with 
the invention of hot air and hydrogen- 
filled balloons. It was only after the 
invention of the internal combustion 
engine in the mid-nineteenth century, 
however, that practical flight became a 
possibility. Once the airplane and airship 
had been invented, extraordinarily rapid 
developments in the field of aviation 
followed. 

At first, several European countries 
took the lead in the science and techno- 
logy of flight. The United States, 
however, was particularly suited to air 
transportation because of its size. The 
nation emerged from World War I as the 
leading industrial power and soon began 
to dominate the aviation field. By the 
1930s, the U.S. aeronautical industry 
was the largest and most structured in 


the world. Other nations also produced 
powerful aeronautical establishments. 
This progress in aviation develop- 
ment was demonstrated in the opening 
months of World War II. Germany’s 
blitzkrieg warfare depended heavily on 





a core of powerful air striking forces. Air 
battles between Britain and Germany in 
1940 showed how significant the air- 
plane had become as an instrument of 
war. The rest of the war that followed, 
on multiple fronts, revealed the often- 
Surprising power of aircraft in both 
offensive and defensive combat. In fact, 
a lack of air power at critical junctures 
proved to be a more serious disadvantage 
than any deficits in land or sea power. 
World War II also highlighted the value 
of four new technologies that would 
play a huge role in future aerospace 
development: radar, the jet engine, the 
rocket, and the atomic bomb. 
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In the mid-1900s, flight underwent 
three remarkable transformations. One 
was in high-speed aviation, demon- 
strated by the breaking of the sound 
barrier in 1947. Another was the appli- 
cation of the drag-reducing swept wing 
to jet aircraft. This wing design revolu- 
tionized both military and civil aviation 
and led to the rapid global mobility of 
the present age. The third, in 1957, was 
the onset of the Space Age, with the 
launch of the first Earth-orbiting satel- 
lite, Sputnik 1, by the Soviet Union. 

The success of this small sphere 
hurtling through space overturned the 
whole aeronautical picture. Today, more 
than fifty years after that epochal event, 
it is fair to state that the Sputnik 
program marked the birth of the Space 
Age. The product of Sergei Korolev and 
a team of gifted Soviet designers, 
Sputnik demonstrated mankind’s ability 
to place a satellite in orbit around Earth. 


As such, the mission anticipated all 
Subsequent satellites and their varied 
applications. Weather observation, com- 
munication, strategic reconnaissance, 
warning, navigation, remote sensing— 
these are all now taken for granted. 
Sputnik marked the onset of a brief 
but intensive rivalry in space between 
the United States and the Soviet Union. 
The stakes were, as is now realized, 
achievement of the first manned flight 
to the Moon. It was a race that the 
United States won, but at significant 
cost. The U.S. space agency NASA then 
focused on the Space Shuttle project, 
another major but costly step. 
Maintaining the Space Shuttle (in great 
part to support the creation of the 
complex International Space Station) 
proved to be a great challenge that has 
lasted from the 1980s into the 2000s. 
Today, the United States is not alone 
as a space-travel provider. Commercial 
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use and privatization of space is increas- 
ing spaceflight greatly. It is a hopeful 
sign. Individual entrepreneurs, mirroring 
early aviation pioneers, are willing to 
invest their own resources in making 
Space access available for many. Only 
time will tell how successful their vari- 
ous space ventures will be. 

Today, the world’s goods are largely 
shipped by air, and the mass mobility of 
populations depends on air transporta- 
tion. Aircraft and spacecraft routinely 
influence the day-to-day activities of 
humanity. Businesspeople think little of 
making multiple trips in a single week 
by air, just as their predecessors relied 
upon the train. Students and other trav- 
elers fly across continents and over seas, 
carrying the influence of their own cul- 
ture with them to new places. Science 
and technology, the environment, and 
the world in which we live are all 
dependent on the aerospace industry and 
the global communications it provides. 

For all of these reasons, it is well to 
have this encyclopedia. Broad in scope 
and straightforward in explanation, it is 
designed to meet the needs of students 
and those seeking to understand the 
history of flight and its functioning in 
the modern world. Only through works 
such as this can the youth of today be 
adequately prepared to face the wonder- 
ful world that awaits them within 
Earth’s atmosphere and the extraordi- 
nary discoveries yet to be made far out 
in the distant reaches of space. 


Dr. Richard P. Hallion, 2008 


ABOUT THE CONSULTANT 


Dr. Richard P. Hallion is the former 
senior advisor for Air and Space 
Issues, Directorate for Security, 
Counterintelligence, and Special 
Programs Oversight at the Pentagon, 
in Washington, D.C., and a member of 
the Senior Executive Service. For more 
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the historian of the U.S. Air Force. 
Dr. Hallion is now president of the 
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Dr. Hallion has broad experience 
in science and technology museum 
development and in research and 
management analysis. He has served 
as a consultant to various profes- 
sional organizations. He also has 
flown as a mission observer in a wide 
range of high-performance aircraft. 
Dr. Hallion is the author and edi- 
tor of numerous books, articles, and 
essays on aerospace technology and 
military operations. He teaches and 
lectures widely. His numerous awards 
include: Citation of Honor, U.S. Air 
Force Association (1985); Comman- 
der's Medal for Public Service, U.S. 
Army (1988); Louis Bauer Distinguished 
Lectureship, Aerospace Medical Asso- 
ciation (1999); Associate Fellow and 
Distinguished Lecturer, American Insti- 
tute of Aeronautics and Astronautics 
(2005); and the Harry B. Combs Award, 
National Aviation Hall of Fame (2006). 
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READERS’ GUIDE 


his guide tells you what you will 
find in the five volumes of Flight 
and Motion and explains how to 
use the set. There are 135 articles 


A colored tab appears at the beginning 
of each article to indicate its main theme. 
Color-coding by theme helps readers find 
articles of interest to them. 


arranged alphabetically in Volumes 1 
through 5. They cover science and tech- 
nology, aviation and air flight, space 
and spaceflight, general topics, and 
biographies of notable people. The pages 
of every article are color-coded accord- 
ing to their main theme (see pages 4-5 
for a list of articles by theme). These are 
the colors used for the different themes: 


SCIENCE AND TECHNOLOGY 
AVIATION AND AIR FLIGHT 
SPACE AND SPACEFLIGHT 
GENERAL TOPICS 
BIOGRAPHY AND PROFILE 


Each volume has its own glossary, 
which explains terms used in the vol- 
ume, and an index to help find refer- 
ences to particular subjects within the 
volume. Volume 5 has a comprehensive 
glossary and a full index that cover all 
five volumes. In Volume 5, there are two 
additional, specific indexes: one for air- 
craft and spacecraft, and one for people. 
Volume 5 also contains lists of books 
and Web sites, places to visit, a measure- 
ment conversion chart, and a time line. 


10 


Aircraft, Military 


ilitary aircraft are the airplanes 
N N and helicopters used by the 

world’s military forces. They 
are used for combat and for other 
military operations, including carrying 
supplies and troops, reconnaissance, 
training, and search and rescue. 

In the United States all branches of 
the military (not just the U.S. Air Force) 
use aircraft. The United States has the 
world’s most powerful air force, and 
the U.S. Navy, Army, Marine Corps, and 
Air National Guard also have their own 
aircraft. Other major air forces include 
those of Russia, China, the Unite 
Kingdom, and France. Canada does nøt 
have a separate air force but has jhe 
Canadian Forces Air Command (AIRC@M) 
within the unified Canadian Forces 


Air Warfare Begins 
The first aircraft used in warfare vas the 
tethered balloon. It was used før obser- 
vation, rising above battlefields so 
observers could get a view offthe action 
below. The balloon was latef developed 
into the airship, and airships were also 
used by the military for olẸfservation. 
The first gasoline-powered military 
airplanes were known ag scouts because 
reconnaissance (flying/on missions to 
gather information) w¢s their chief pur- 
pose. Other uses weye soon found for 
military airplanes. Tey dropped bombs, 
fired at enemy shjps, and shot down 
enemy aircraft. Spécial airplanes, most- 
ly biplanes, were uilt for these tasks. 


60 





photographs and diagrams. 
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® An observation balloon rises above the 1862 
Battle of Fair Oaks, fought in Virginia during 

the American Civil War (1861-1865). Balloons 
such as this one were the first military aircraft. 


The first air combat took place dur- 
ing World War I (1914-1918). Pilots 
shot at one another with pistols, shot- 
guns, and machine guns. The next step 
was to attach a machine gun, which the 
pilot aimed at an enemy, to the airplane 
itself. By 1915 fighter planes had been 
developed with synchronized machine 
guns that fired bullets between t 
whirling propeller blades. Celebyted 


O kilometers per hour), but they 
could fly for up to 8 hours. 


Captions give information about 


READERS’ GUIDE 


The title of each article appears at Focus boxes highlight interesting topics, people, 


the beginning of the first page of or events relevant to the subject of the article. 


the article and in the running head. 


Tech Talk boxes offer scientific explanations, 
Statistics, and other technical details. 


AIRCRAFT, MILITARY 


In the 1930s the agile biplane was 
replaced by the much faster monoplane. 
This new kind of aircraft had an 
enclosed cockpit, a streamlined metal 
body, and a high-performance engine. 
Fighter planes such as the German 
Messerschmitt Bf 109 and Curtiss P-40 
had a top speed of over 350 miles per 
hour (563 kilometers per hour). Bombers, 
such as Boeing’s B-17, were slower at 
around 280 miles per hour (450 kilo- 
meters per hour), but they could fly for 
2,000 miles (3,220 kilometers). The 
bombers carried 6,000 pounds (2,725 
kilograms) of bombs that could be 
dropped accurately on city targets. 


C) (From left) An A-10 Thunderbolt II, F-86 
Sabre, P-38 Lightning and P-51 Mustang fly in a 
flight formation during an air show at Langley 
Air Force Base, Virginia, on May 21, 2004. The 
formation displayed four generations of U.S. Air 
Force fighters. 


THE VERACRUZ INCIDENT 


The first military operation involving 
U.S. airplanes was during the 
Veracruz Incident, a dispute between 
the United States and Mexico that 
began in April 1914. Five Curtiss 
flying boats were carried into the 
Mexican port of Veracruz by USS. 
naval ships. The aircraft flew mis- 
sions to search for mines in the 
harbor. On May 6, 1914, the airplane 
flown by Lieutenant Patrick N. L. 
Bellinger (1885-1962) was shot at 
from the ground by Mexican forces. 
This was the first time that a U.S. 
military plane was hit by enemy fire 
while on active service. Bellinger 
survived and went on to become a 
distinguished admiral. 





Some entries in this encyclopedia have a 


colored background. These are featured entries 


about special people, inventions, or topics. 
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Length: 31 feet (9.45 meters) 
Wingspan: 28 feet (8.53 meters) 
Weight: 12,250 pounds 

(5,557 kilograms) 

Motor: Reaction Motors XLR-11- 


RM-3 four-chamber rocket engine 
Fuel: Mixture of alcohol and liquid 
oxygen 

Thrust: 6,000 pounds 

(2,722 kilograms/26,500 newtons) 


The Bell X-1 was shaped like a bullet 
for maximum streamlining. Its wings 
and tail plane were conventional in 
design. (In the 1940s, other experi- 
mental high-speed aircraft had 
strange shapes.) The stubby-winged 
X-1, however, had hidden secrets. Its 
wings were thin but very strong. A 
stabilizer, which the pilot could move 
up and down, improved stability and 
control. Later supersonic planes were 
also fitted with stabilizers. 


SEE ALSO: 
e Bell X-1 © Concorde ° Engine 
e Glider © Jet and Jet Power œ Kitty 


Hawk Flyer ¢ Rocket © Wright, 
Orville and Wilbur 





The See Also box at the end of each article 


lists related articles in this encyclopedia for 


readers who would like more information. Each 


article is preceded by a color-coded bullet 


point to indicate the article's main theme. 
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Aerobatics 


erobatics is a form of aviation in 
A et pilots perform by flying 

in patterns or drawing figures in 
the sky. Aerobatic stunts include loops, 
corkscrews, stalls, spins, and rolls. The 
name aerobatics came from the word 
acrobatics. The pilot makes the plane 
tumble around the sky like an acrobat. 
Several aircraft flying together in for- 
mation make patterns. 


How Aerobatics Began 

One of the earliest aerobatic maneuvers 
was looping the loop (flying a complete 
vertical circle), first performed by a 
Russian pilot in August 1913. One 
month later, the French pilot Adolphe 





T, 
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Pégoud startled onlookers by flying his 
Blériot plane upside down. Pegoud had 
trained for this stunt by having the air- 
plane fixed upside down in a hangar. He 
Strapped himself into the pilot’s seat, 
head down, for twenty minutes. 

In the 1920s, pilots known as barn- 
stormers flew stunts that would not be 
permitted today. Their tricks included 
Skimming under bridges and racing 
railroad trains. There were also wing- 
walking displays, with people standing 
on top of aircraft wings. This stunt is 
still performed at air shows. 

In the 1930s, air force pilots used 
aerobatic displays to demonstrate tactics 
used in air combat. They flew in groups 
that formed patterns, or in formation. 
Close formation flying included stunts 
with planes tied together. 

The first world championships 
in aerobatics were held in 1960. In 
modern-day competitions, there are 
events for teams and individual 
pilots. Aerobatic contests are flown 
at heights from 328 to 3,280 feet 
(100 to 1,000 meters). 


Aerobatics Today 

Modern aerobatic aircraft can per- 
form maneuvers impossible for an 
ordinary airplane, such as torque 
rolls (rolling and sliding backward 
at the same time) or lomcevaks 
(tumbling end over end). Aerobatic 


G The U.S. Navy's Blue Angels, using 
F/A-18 Hornets, perform aerobatic 
movements at an air show in 2006. 
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planes are strong but very light in rela- 
tion to the power of their engines. Most 
use piston engines and propellers. 

One outstanding aerobatic airplane is 
the U.S. Pitts Special. The first Pitts flew 
in 1947, and since then Pitts Specials 
have dominated aerobatic competitions. 
The later versions of this little plane 
remain close to the original design. 

Formation teams perform their dis- 
plays with as many as sixteen aircraft, 
although a team of nine or ten is more 
usual. During a per-formance, aircraft 
change formations a number of times. 
They split up into smaller groups, fol- 
lowing the instructions of the team 
leader by radio. Pilots often use colored 
smoke trails to highlight the patterns 
they are flying. 

Famous aerobatic teams include the 
Blue Angels of the U.S. Navy, the 
Thunderbirds of the U.S. Air Force, and 
the Red Arrows of the British Royal Air 
Force. Unlike other aerobatic performers, 
military teams usually fly jet planes. 
These planes fly faster than propeller 
planes and need more space to display 
their formations. The Thunderbirds fly 
the F-16 Fighting Falcon that has a top 
speed of 1,300 miles per hour (2,092 
kilometers per hour). 

Accidents are rare, but aerobatics are 
demanding. Pilots practice constantly to 
perfect new formations and sequences. 
They also must keep physically fit to 
cope with the stress of aerobatics, which 
subjects their bodies to strong g-forces 
(acceleration measured as multiples of 
the force of gravity at Earth’s surface). 


PATTY WAGSTAFF 


Born in 1951 in St. Louis, Missouri, 
Patty Wagstaff flew with the US. 
aerobatics team from 1985 to 1996. 
She was the first female USS. 
National Aerobatic champion, a title 
She won three times. Wagstaff was 
International Aerobatic champion In 
1993. In 2004, she was elected to 
the National Aviation Hall of Fame. 
The Goodrich Extra 260 plane flown 
by Patty Wagstaff in the 1990s 
is displayed at the Smithsonian 
Institution's National Air and Space 
Museum. Wagstaff has flown at air 
Shows all over the world and says 
she likes the precision of aerobatics. 


"| like flying a perfect loop ... a per- 
fect maneuver.” 


SEE ALSO: 
e Aerodynamics ® Barnstorming 
e Gravity 
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Aerodynamics 


erodynamics is a branch of sci- 
A ence that deals with the behavior 

of moving gases and how they 
affect objects passing through them. 
Designers use their knowledge of aero- 
dynamics to make aircraft and rockets 
the right shape. 

The word aerodynamics comes from 
two Greek words. The first word, aer, 
means “air.” The second, dunamis, means 
“force.” Aerodynamics, therefore, means 
“force from air.” 


Aerodynamic Force 

When an object moves through air, 
it generates aerodynamic force. The size 
and direction of the force depend on the 
size, shape, and speed of the object. 


Lift 





Airflow 
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The level of force also depends on the 
physical properties of the air, such as its 
pressure and temperature. 

It does not matter whether it is the 
object that is moving or the air that is 
moving. Air flowing around a stationary 
object generates aerodynamic force, too. 

A kite flies because of the force gen- 
erated by the wind blowing around it. 
The aerodynamic force that acts on a 
kite has two parts. These parts are called 
lift and drag. Lift takes the kite upward, 
and drag pulls it backward in the direc- 
tion that the wind is blowing. The kite 
does not fly away because these forces 


© Two aerodynamic forces operate on a kite as 
it moves through the air. The movement creates 
lift, which raises the kite up, and drag, which 
pulls the kite back. 
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are balanced by the tension in the kite 
string. Kites often have a long tail. The 
tail has a purpose—it is there for aero- 
dynamic reasons. The drag it creates keeps 
the kite facing in the right direction. 

Airplanes also generate lift and drag 
when they move through air. Lift oper- 
ates at right angles to a plane’s direction 
of flight. When the plane is flying 
Straight and level, the lift generated by 
its wings acts straight upward. Drag 
operates in the opposite direction to a 
plane’s motion. When the plane is flying 
Straight and level, therefore, drag pulls 
backward. 

Two other forces act on every pow- 
ered airplane. First, thrust generated by 
its engines pushes the plane forward. 
Second, the plane’s weight pulls the 
plane downward. For an airplane flying 
Straight and level at a steady speed, 
these forces are perfectly balanced. 


Aerodynamic Shapes 

Some shapes move through air more 
easily than others. Angular, boxy shapes 
catch more air. They also break up the 
smooth flow of the air, making it turbu- 
lent and chaotic. Slender, gently curving 
Shapes create less drag than angular 
Shapes, because air can flow around 
them more smoothly. Objects that air 
flows around smoothly are described 
as streamlined. 

Airplanes are streamlined. Anything 
on their surface that might stick out into 
the air and cause unnecessary drag is 
smoothed out wherever possible to 
reduce drag. A plane’s metal skin is held 
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©) Smooth shapes create better airflow than 
angles and therefore minimize drag. A cube 
breaks up airflow into turbulent eddies. Air flows 
more smoothly around a sphere and even better 
around an ellipse, or oval shape. The airfoil shape 
used for airplane wings is the most aerodynamic 
of these shapes. 


in place by fastenings called rivets. 
Airplanes used to be held together by 
rivets with round heads. The round 
heads stuck out and caused some drag. 
Today, the most streamlined aircraft 
are held together by rivets with flat 
heads that do not stick out. A plane’s 
metal skin is also polished or painted to 
give it a smooth surface that air can 
flow over easily. 
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All but the smallest and slowest 
planes have wheels that fold up inside 
them after takeoff. Doors close over the 
wheels to give the plane’s body a smooth, 
streamlined shape. If the wheels stayed 
down, they would spoil the plane’s 
streamlined shape and create a lot of 
drag. The doors and windows are also 
designed to be level with the plane’s skin. 


The Early Days 

The science of aerodynamics was slow to 
develop compared to other sciences. 
Long before people began to unravel the 
secrets of aerodynamics, they could see 
that birds use their wings to create and 
control the forces needed for flight. They 
were unable to see exactly how a bird’s 
wings work, however, because the wings 
moved too fast to see clearly. Until high- 
speed photography was developed at the 
end of the nineteenth century, there was 
no way to freeze the action of a bird’s 
wing so it could be studied. Without this 
understanding, early attempts to build 
flying machines failed. 

One person did try to analyze the 
forces involved in flight more accu- 
rately. George Cayley was the first 
person to study airplane flight scientifi- 
cally. He experimented with different 
wing shapes and measured how well 
they worked. Cayley discovered the four 
forces that act on an aircraft: lift, drag, 
thrust, and weight. Other inventors 
learned from Cayley and expanded upon 
his work. In time, they learned how to 
use aerodynamics to create the forces 
needed to lift and steer flying machines. 
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THE FIRST HEAVIER-THAN- 
AIR FLIGHT 

The founder of the science of aero- 
dynamics was the Englishman Sir 
George Cayley (1773-1857). He 
worked on a wide variety of engi- 
neering projects, but is best known 
for his aero-dynamic research. By 
1804, Cayley was building model 
gliders with the same layout as a 
modern airplane—they had fixed 
wings, a body, and a small tail at the 
back. He also built gliders capable of 
carrying people. In the 1840s, Cayley 
built a small glider that carried a 
ten-year-old boy. Cayley went on to 
buila a full-size glider. In 1853, It 
carried his coachman, John Appleby, 
across a valley on the first heavier- 
than-air flight by an adult. When the 
glider landed, the terrified Appleby 
Said, case woleacorge, | WISh tO 
give notice [quit]. | was hired to drive 
and not to fly!” 





Modern aerodynamics really began 
with the Wright brothers. Several years 
of aerodynamic research and experi- 
ments with wings, kites, and gliders 
enabled them to build the first success- 
ful powered airplane in 1903. 


How Scientists 

Use Aerodynamics 

Scientists who specialize in aerody- 
namics are known as aerodynamicists. 
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O Hopeful aviators pursued the idea of flapping 


wings. This aircraft from the 1920s was built by 
Gustav Lilienthal, brother of aviation pioneer Otto 
Lilienthal. Gustav Lilienthal worked for years on 
his own designs, but his aircraft never flew. 


They put a lot of time and effort into 
reducing drag because drag wastes fuel. 
A plane’s engines have to burn fuel to 
generate the power necessary to over- 
come drag. Improving a plane’s aerody- 
namics can enable it to fly farther with- 
out burning any more fuel. Because drag 
acts like a brake, reducing drag also 
enables the fastest airplanes to go even 
faster. Improving a glider’s aerodynamic 
design enables it to stay aloft longer. 

One way to study aerodynamics is to 
use a wind tunnel. Air is blown through 
a tunnel with a model aircraft inside. As 
the air flows around the model, the forces 
acting on it are measured. 

Scientists would like to be able to 
calculate precisely how a plane will per- 


form in the air instead of having to build 
models to test every design and every 
change in a design. Such calculations, 
however, present a formidable task. That 
task involves calculating the aerody- 
namic forces acting on every part of an 
aircraft as it flies through the air at all 
angles and speeds. To do this, the air 
flowing around the aircraft is divided 
into tiny packets called cells. The forces 
acting on each and every cell must be 
calculated to figure out how each cell 
moves and how it affects the aircraft. 
Each cell affects all the cells around it. In 
turn, they affect other cells, which affect 
yet others, making the problem incredi- 
bly complicated. 

The method of using computers, 
numbers, and mathematical equations to 
figure out how air flows around an 
object is known as computational fluid 
dynamics (CFD). Only the fastest super- 
computers have the ability to use CFD to 
tackle complicated aerodynamics. 
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Most airplanes are designed to be aero- 
dynamically stable. A stable airplane is 
one that is steady in the air. If it is 
rocked by a gust of wind, it steadies 
itself without the pilot having to do any- 
thing. Stability makes an airplane safer 
and easier to fly, but it also makes it 
more difficult to maneuver. Stable air- 
craft are designed to fly straight and 
level. That stability works well for a 
plane like an airliner, because passengers 
want to fly in planes that feel steady and 
turn gently. 

A fighter plane that performed like 
an airliner, however, would not last long 
in an air battle. Fighters have to be able 
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The F-22 fighter plane can fly at supersonic 
speeds. It is very maneuverable because it was 
designed to be less stable than most aircraft. 


to maneuver fast to chase other planes 
and escape danger. The way to make 
fighter planes more maneuverable is to 
make them less stable. 

The latest fighters are highly unsta- 
ble. Sometimes, a pilot needs to make 
a sudden turn, climb, or dive. A fighter 
plane’s instability enables it to respond 
quickly to controls and make such 
a move much faster than a more stable 
aircraft. In fact, these extraordinary 
planes are able to fly only with the 
help of computers that constantly make 
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FLYING WINGS 


Most planes have the same basic layout, with a pair of wings sticking out from a 
central fuselage (body) and a small tail unit at the back. The B-2 bomber (below) is 
different. It is a type of aircraft called a flying wing. The whole plane Is one big wing. 
There is no tail. A flying wing Is very streamlined, but it is also very unstable. If the 
nose of a flying wing tips up or down even a little, the plane can suddenly flip over. 
Most planes have a tail unit that prevents this from happening. A flying wing needs 
a control system to keep it under control in the air. 

Flying wing aircraft have been built since the 1930s, but they never became very 
popular or widespread, because their lack of stability made them difficult to fly. The 
control systems available then were not able to tame their wild behavior. Control 
systems developed since the late 1980s work much better. The B-2 bomber, which 
first flew in 1989, relies on four flight computers to stop It from tumbling out of con- 
trol. The pilot operates the computers, and the computers fly the plane. 





split-second adjustments to keep them present aerospace engineers with new 
under control. Without their flight com- challenges in aerodynamics. 

puters, these planes would be impossible 
to control. 

Scientists know a lot more about SEE ALSO: 

aerodynamics today than they did in the ° Aircraft Design ¢ Bird Glider 
early days of aviation, but there is still ° Lift and Drag ° Materials and 
a lot to learn. The development of new 
aircraft and faster aircraft, together with 
the use of new materials, continue to 


Structures ¢ Wind Tunnel ¢ Wing 
e Wright, Orville and Wilbur 
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Aeronautics 


eronautics is the science of 
A pris and flying aircraft. The 

term covers scientific study, 
design, and technology. It also includes 
the manufacture and operation of all 
types of aircraft, both lighter than air 
(such as airships) and heavier than air 
(such as airplanes). 
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Aeronautics involves a great variety 
of scientific and engineering disciplines. 
Aerodynamics and propulsion § are 
important in aeronautics. So are materi- 
als, structures, control systems, and 
computing. 


Early Kites and Wings 
The history of aeronautics began long 
before people understood the principles 
of flight. The Italian explorer 
Marco Polo (1254-1324) was 
one of the first Europeans 
known to have gone to China. 
When he returned to Europe in 
1295, he told stories of people 
who flew using giant kites. Kites 
may have been built in China as 
long ago as 1000 B.c.£. They are 
the world’s first aerial vehicles. 
Even before Marco Polo, 
there were people who believed 
they would fly if they strapped a 
pair of wings to their arms and 
flapped like a bird. They tested 
their ideas by jumping from 
towers and mountains. Without 
any real understanding of lift, 
gravity, or the properties of air, 
they fell to the ground much 
faster than expected. Injuries 
and death were common. 


© Samuel Perkins tested man-lifting 
kites for observational uses by the U.S. 
Army during World War I. This 1910 
photograph shows five Perkins kites 
holding a man aloft at Harvard Aviation 
Field in Atlantic, Massachusetts. 
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One of the most famous of these 
early “jumpers” was Abbas Ibn Firnas 
(810-887 c.E.). He lived in Andalusia, 
now part of Spain. Firnas was an inven- 
tor who studied chemistry, astronomy, 
and physics. In 875, when he was sixty- 
five years old, Firnas built a glider. He 
made a successful flight, which was seen 
by a large number of people, but he was 
injured when the glider hit the ground. 
This happened about 1,000 years before 
modern aeronautical pioneers started 
making successful glider flights. 

In the year 1010, an English monk 
named Eilmer tried to fly from the top of 
a tower with wings fastened to his arms 
and feet. Eilmer managed to glide for 
about 650 feet (200 meters), but he 
landed badly and broke his legs. 

Many of the wings used by early 
fliers copied the wing shape or flapping 
action of birds’ wings. Even the great 
Italian artist and inventor Leonardo da 
Vinci (1452-1519), who drew designs 
for flying machines more than 500 years 
ago, thought the first successful flying 
machine would have flapping wings. 


Balloons and Airships 

Other people thought it might be possi- 
ble to build flying machines that were 
lighter than air itself. They believed they 
would simply float upward like an air 
bubble floating up through water or 
smoke rising from a fire. 

The first successful manned flights 
were indeed made in the lighter-than- 
air craft envisaged by aviation pioneers. 
The French brothers Jacques-Etienne 


and Joseph-Michel Montgolfier had 
the first success with a hot air balloon 
in 1783. The balloon was able to fly 
because heated air is lighter than the 
Surrounding air. A sheep, duck, and 
chicken made a flight and survived! They 
were the first living creatures to make a 
balloon flight. Two months later, also in 
France, Jean-Francois Pilatre de Rozier 
and the Marquis d’Arlandes made the 
first manned flight in a hot air balloon. 

In France the same year, Jacques 
Charles made the first manned flight in 
a hydrogen-filled balloon. Hydrogen gas 
is even lighter than hot air. 

The problem with balloons is that 
they are carried wherever the wind takes 
them. They cannot be steered. The next 
goal, therefore, was to make a controlled 
flight. French engineer Henri Giffard 
(1825-1882) achieved this in 1852 with 
a steam-powered hydrogen balloon. The 
engine was slung under the balloon and 
drove a propeller. Giffard had invented 
the airship. 

Airships developed further in the 
following years. In Germany, Ferdinand 
von Zeppelin (1838-1917) built bigger 
and bigger airships. They rose without 
effort into the air, and they were more 
Spacious and comfortable than air- 
planes. For a time airships seemed 
to have a promising future. 

In 1937, however, the world’s biggest 
airship, the Hindenburg, crashed in 
flames in New Jersey. News and images 
of the accident traveled around the 
world, marking the end of the golden 
age of the airship. 
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Airships are making a comeback 
today. Early airships were filled with 
hydrogen, a gas that catches fire and 
burns very easily. Modern airships are 
filled with helium, a gas that cannot 
catch fire. They are used for tasks, such 
as filming, which require a stable plat- 
form that can stay aloft for long periods. 


Meanwhile, the airplane took the lead. 
When Giffard was making the first 
airship flight in France in 1852, 
Englishman George Cayley had already 
begun a scientific study of the forces 
produced by moving air, or aerodynam- 
ics. Cayley was interested in how these 
forces could be used by heavier-than-air 
flying machines. 

He wrote that the challenge was “to 
make a surface support a given weight 
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by the application of power to the resist- 
ance of air.” He was talking about lift 
and drag, the aerodynamic forces that 
act on aircraft. Cayley’s work resulted in 
the first manned gliders in the middle of 
the nineteenth century. 

The invention of the steam engine 
in the nineteenth century awakened 
interest in developing steam-powered 
airplanes. The steam engines of the day 
were too heavy, however. Powered air- 
planes had to wait until smaller, lighter 
engines powered by gasoline were 
developed in the late 1800s. That would 


|The Giffard steam-powered balloon made the 
first successful powered flight. The engine, pro- 
peller, and platform for the pilot hang beneath 
the 144-foot (44-meter) hydrogen-filled balloon. 
This model of Giffard's balloon is now on display 
at the Science Museum in London, England. 
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O Generally, steam engines were too heavy for 
aircraft, but one steam-powered airplane did 
manage to fly in 1890. Clement Ader's bat-winged 
Eole flew 165 feet (50 meters), but only 8 inches 
(20 centimeters) above ground. Ader later built a 
larger version, Avion III (above), which he claimed 
flew 984 feet (300 meters) in 1897. 


lead to a usable engine for airplanes. 
Aeronautical pioneers, meanwhile, con- 
centrated on learning to build stable 
gliders and control them in the air. 

The brothers Orville and Wilbur 
Wright experimented with kites and 
gliders in a very methodical way. Each 
time they encountered a problem, they 
worked at it until they found a solution. 
They also designed a gasoline engine 
light enough to power an airplane based 
on one of their gliders. The brothers 
were finally ready to fly the world’s first 
successful powered airplane in 1903. 

The Wright brothers had developed 
the airplane and shown that controlled 
flight was possible. Other engineers and 
inventors reshaped the airplane and 
otherwise improved it with their own 
ideas. The age of modern aeronautics 
had begun. 


RESEARCH INTO 
AERONAUTICS 


Otto Lilienthal (1848-1896) in 
Germany made more than 2,000 
glider flights. Other aeronautical 
engineers and Inventors around the 
world avidly read Lilienthal’s books 
and essays on aeronautics. The read- 
ers included Percy Pilcher in Britain 
and the Wright brothers and Octave 
Chanute in the United States. These 
innovators flew gliders similar to 
modern hang gliders. They steered 
by shifting their weight to one side. 

Aeronautical research at that 
time was very risky, and accidents 
were common. Flimsy aircraft made 
of wood and fabric could fall apart, 
or they could spin out of control and 
plunge to the ground. Lilienthal and 
PUCHCMECOTR wd!COmeaS tee imeSUl iG) 
aircraft crashes. 
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Into the Modern World 

The fixed-wing aircraft was not the only 
way to fly. Other aeronautical engineers 
struggled with the problems of building 
craft with spinning wings, called rotors. 
Their work led to the development of 
autogiros and helicopters. 

All sorts of new technologies were 
applied to the airplane—new wing 
Shapes, new engines, metal structures 
instead of wood, monoplanes instead of 
biplanes, more efficient propellers, more 
streamlined aerodynamics, and so on. 
Piece by piece, these and many other 
advances in aeronautics transformed the 
fragile wood-and-wire flying machines 
of the early twentieth century into the 
amazing aircraft we have today. 


Developments in Wartime 

The two world wars stimulated rapid 
progress in aeronautics aS warring 
nations tried to produce the best fighter 
planes. Spotter planes that were used to 
spy on enemy forces in World War I 
(1914-1918) quickly developed into the 
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first fighters and bombers. Air speeds 
also increased. Before the war, most air- 
planes could reach a top speed of only 
about 35 to 45 miles per hour (about 56 
to 72 kilometers per hour). By the end of 
the war, fighters such as the Sopwith 
Camel had a top speed of about 113 
miles per hour (182 kilometers per hour). 

During World War II (1939-1945), 
the top speed of propeller planes 
increased to more than 370 miles per 
hour (595 kilometers per hour). Jet fight- 
ers were developed during the war. The 
first, the German Messerschmitt Me-262, 
had a top speed of 540 miles per hour 
(869 kilometers per hour). 

These and other developments were 
applied to airliners soon after the war. 
The first jet airliners were the De 
Havilland Comet and Boeing 707. Radar, 
developed during the war to detect 


€) The Global Hawk is an unmanned air vehicle. 
Once programmed, it can take off, fly a mission, 
and return to land by itself. Navigators on the 
ground can change its path if necessary. 
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enemy aircraft by bouncing 
radio waves off them, became 
the basis of air traffic control 
systems that guide today’s air- 
craft safely along invisible lanes 
in the sky. 


Today’s Aeronautics 
Aeronautical research has pro- 
gressed amazingly fast. Only 
seventy-three years after 
the Wright brothers’ historic 
first powered flight, Concorde 
passengers were relaxing in 
air-conditioned luxury, flying 
at twice the speed of sound 
nearly 11 miles (18 kilometers) 
above Earth. 

There are now military air- 
craft that can fly without a 
pilot. Some of them are flown 
by a pilot in a cockpit on the 
ground, linked to the aircraft 
by radio. The latest unmanned 
air vehicles (UAVs), or drones, 
are able to fly themselves and 
carry out missions on their own 
without a person in control. 

Aeronautical research con- 
tinues in all developed countries 
today. The National Aeronautics 
and Space Administration 
(NASA) is known as the agency 


AERONAUTICS 


AERONAUTICS TIME LINE 
1000 sce. Kite invented in China. 


1480s 


1783 
1783 
1852 
1853 
1884 
1903 


1907 
1923 


1930 
1333 
1939 
1940 


1947 
1949 
1962 


1968 
1969 
1977 


2005 


Leonardo da Vinci designs (but does 
not build) flying machines. 

First manned hot air balloon. 

First manned hydrogen balloon. 

First airship. 

First successful manned glider. 

First successful controllable airship. 
First sustained, controlled, heavier- 
than-air flight. 

First helicopters. 

First successful autogiro (Cierva 

C4 Autogiro). 

Jet engine invented by Frank Whittle. 
First modern airliner (Boeing 247). 
First jet airplane (Heinkel He-178). 
First successful and practical helicopter 
(Vought-Sikorsky VS-300). 

First supersonic flight (Bell X-1). 

First jet airliner (De Havilland Comet). 
First recorded takeoff of a human- 
powered airplane. 

First supersonic airliner (Tu-144). 

First wide-bodied airliner (Boeing 747). 
First successful controllable human- 
powered airplane (Gossamer Condor). 
First airliner with full-length, two-story 
passenger cabins (Airbus A380). 





that oversees U.S. space explo- 
ration, but it is also a world leader in 
aeronautical design. Large aircraft manu- 
facturers and universities also carry out 
research in all aspects of aeronautics 
and aeronautical engineering. 


SEE ALSO: 


e Aerodynamics ¢ Airship ¢ Balloon 


e Glider @ Kite e Lift and Drag 
e Materials and Structures 
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Aerospace 
Manufacturing 
Industry 


he aerospace industry makes and 
IE aircraft, spacecraft, and 

associated equipment. Aerospace 
manufacturers make airliners, airfreight 
carriers, warplanes, helicopters, and 
general aviation airplanes. They also 
build guided missiles, engines, and other 
equipment, including electronics and 
air traffic control systems. The industry’s 
space activities include making 
commercial telecommunications satel- 
lites, navigation satellites, and science 
satellites. Aerospace companies build 
and adapt launch vehicles, such as 
multistage rockets, the Space Shuttle, 
and the ground systems that control 
spaceflights. The industry also takes care 
of the overhaul, rebuilding, and conver- 
sion of air and space vehicles. 


Industry Overview 
The United States has the world’s biggest 
aerospace manufacturing sector. Its 
biggest customer is the federal govern- 
ment. Military airplanes, missiles, and 
other equipment are ordered by the U.S. 
Department of Defense. The main 
purchaser of space vehicles (satellites 
and launch vehicles) is the National 
Aeronautics and Space Administration 
(NASA), also a federal agency. 
Passenger and cargo-carrying air- 
craft form the biggest sector of the 
civil part of the industry. These planes 
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are supplied to air transportation busi- 
nesses, such as airlines and airfreight 
businesses. Smaller businesses buy air- 
craft of many kinds. Satellites are sold to 
television companies and other commu- 
nications businesses. The aerospace 
manufacturing industry also supplies 
airports and space centers with all kinds 
of service equipment—everything, in 
fact, that keeps airplanes and space- 
craft flying. 

Every large aerospace corporation 
works with a network of smaller compa- 
nies. These businesses supply all types of 
components, from weapons and avionics 
to airliner seats and carpets. On major 
projects, corporations often cooperate 
with partners to cut costs and share 
expertise. For example, the European 
Aeronautic Defence and Space Company 
(EADS), which makes the Airbus airliner, 
was originally a consortium of British, 
French, Spanish, and German companies. 

U.S. aerospace companies are pri- 
vately owned. In some other nations, 
however, the government controls the 
aerospace industry. Before the breakup 
of the Soviet Union in the 1990s, all 
Soviet military and civil aircraft were 
built by the state-controlled aerospace 
sector. There are other examples of 
national aerospace firms, such as Saab 
of Sweden. Government industries, such 
as those in Israel and China, usually 
build airplanes for their armed forces. 


Industry Beginnings 
In the early days of the airplane indus- 
try, engineers constructed airplanes in 
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AIRCRAFT MANUFACTURE 


A new aircraft starts life as a design on paper or on a computer screen. A manu- 
facturer may plan a new model, such as an airliner or helicopter. Alternatively it 
may update an existing model, perhaps by lengthening the fuselage or giving it more 
powerful and more efficient engines. The manufacturer then offers the new product 
to the world market, by showing it at air shows, for example. (Air shows bring new 
products and and potential buyers together and they are open to the public as well.) 

Other aircraft are commissioned by customers. The U.S. Department of Defense 
asks manufacturers to submit plans for new aircraft or missiles, setting out such 
details as size, soeed, cost, and mission tasks. Sometimes, two or more prototypes 
are tested in competition. In the late 1980s, the U.S. government invited Boeing and 
Lockheed Martin to submit designs for an important new military airplane, the Joint 
Strike Fighter. This was a complex, multipurpose airplane, intended to replace not just 
one existing airplane but several different models. Both companies put forward 
a design, and Lockheed Martin's F-35A won the contract. This decision will affect 
thousands of aerospace industry workers, since the new plane will probably be In 
service for at least thirty years from its scheduled release date of 2011. 

A new plane is thoroughly tested—sometimes for years—before it Is ready to go 
into production. Few aircraft fly perfectly the first time, and many modifications may 
be made before airplanes start to 
roll off the assembly lines. 

Most airplanes are now built, 
like automobiles, on a production 
line. Aircraft are rarely built on 
one site, however. Instead, sub- 
contractors build different parts 
of the airplane, such as the wings 
and tall. Manufacturers select the 
engines from a specialized engine 
maker, such as GE-Aviation. The 
parts of the plane, with all of 
its electronics and other fittings, 
are then brought together and 
assembled at a large manufac- ©) Apache helicopters are assembled at a Boeing plant 
turing plant. in Mesa, Arizona. 
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small sheds. They used their own skill 
and ideas, plus what they read about 
other inventors’ “flying machines.” 
Orville and Wilbur Wright, for example, 
were bicycle engineers. The brothers 
built their first planes in the early 1900s 
just to see if they could fly. 

Glenn Curtiss, another aviation pio- 
neer, set up America’s first airplane 
manufacturing company in 1907. In 
1909 two competitors entered the busi- 
ness field: the Wright brothers and 
Glenn L. Martin. 

At first, all planes were built one at a 
time. Series production began in 1909, 
when the Short Brothers factory in the 


MILITARY CONTRACT 


The first contract for a U.S. military 
plane was awarded to the Wright 
brothers in 1907. Unfortunately, the 
aircraft crashed on September 17, 
1908. Orville Wright, the pilot, sur- 
vived, but his passenger, Lieutenant 
Thomas E. Selfridge of the U.S. Army 
Signal Corps, was killed. This was the 
first fatal accident in a powered air- 
planes esoierOlathewaceident, the 
Wrights biplane was accepted by the 
U.S. Army. The brothers were even 
paid a bonus, because their plane 
flew 2 miles per hour (3.2 kilometers 
per hour) faster than the 40 miles 
per hour (64.4 kilometers per hour) 
the U.S. Army had requested. 
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United Kingdom built six identical 
Wright biplanes. 

Before World War I (1914-1918), air- 
planes were built almost entirely by 
hand. They were made chiefly of wood, 
fabric, and wire. Furniture makers had 
the skills to build airplanes, and in 
wartime, some furniture factories 
switched to aircraft manufacture. By 
adopting the assembly line methods of 
automobile manufacturers such as Ford, 
aircraft companies were able to build 
planes faster. Two important names in 
aerospace history, Boeing and Lockheed, 
started building aircraft in 1916. By the 
end of World War I, U.S. factories had 
built more than 14,000 military planes. 

After the war, more manufacturers 
started to supply aircraft for the fast- 
growing civil aviation industry. Airline 
businesses were just beginning, and they 
needed airplanes. The first U.S. interna- 
tional scheduled airline service was in 
1919, operated by Aero Marine West 
Indies Airways between Key West, 
Florida, and Havana, Cuba. In the 1920s, 
companies entering the airplane manu- 
facturing industry included Douglas 
(1920), Pratt & Whitney (1925), and 
Grumman (1929). 


Mass Production 
By 1930, about 400,000 people a year 
were flying on U.S. domestic airlines. 
Bigger, faster planes were needed to 
carry more people. Worldwide, passen- 
ger flights rose to 3 million in 1938. 

By the late 1930s, most airplanes 
were built in factories, yet designs were 
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still often the work of one person. The 
British Spitfire fighter of World War II, 
for example, was the brainchild of 
designer Reginald J. Mitchell. 

When World War II began in Europe 
in 1939, U.S. factories were turning out 
just over 2,000 new airplanes a year. 
U.S. aircraft production rose enormously 
during the war. From early 1942, U.S. 
aircraft factories operated twenty-four 
hours a day, often seven days a week. In 
1941, it took 55,000 hours of labor to 
build a B-17 bomber. In 1944, it took 
only 19,000 hours, which meant that 
three planes were being built in about 
the time it had taken to turn out one. By 
1944, U.S. factories were building 
96,000 aircraft per year—more than 
Germany and Japan together. 

By the end of the 1940s, high 
demand from the military and civil sec- 
tors had changed the face of the aircraft 
manufacturing industry. The introduc- 
tion of jet airplanes in the 1940s and 
1950s brought a huge increase in civil air 





O Many workers in the wartime factories were 
women, including these employees of the Douglas 
airplane factory in California in 1942. World 

War Il brought new employment opportunities 
for women in industry, because so many men 
were away serving in the military. 


travel, and business boomed again. 
Space exploration in the 1960s and 
1970s coincided with the Cold War, a 
period of hostility between the West (led 
by the United States) and communist 
nations (led by the Soviet Union). Both 
the space age and the Cold War brought 
new demands from government cus- 
tomers. Satellites, spacecraft, rockets, 
and missiles became important products 
of the aerospace manufacturing indus- 
try. Aerospace research and technology 
grew to keep up with new demands. 


The Industry Today 

By the end of the twentieth century, 
most new aircraft were too complex and 
expensive for small companies to build. 
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Only very large corporations could 
afford the research needed to design and 
build rockets and spacecraft. Many 
famous industry names were merged 
into larger corporations. McDonnell 
joined with Douglas in 1967 to form 
McDonnell Douglas, for example, and 
that company is now part of Boeing. 

In the twenty-first century, the aero- 
Space industry is dominated by these 
large companies. Many are huge: 63 
percent of jobs in aerospace manufac- 
turing are in businesses that employ 
more than 1,000 people. There are also 
many small subcontractors, however, 
that have fewer than 100 employees. 

Designing and making an airplane 
or spacecraft now involves thousands 
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of people, working in different places, 
who have specialized knowledge and 
skills. Aerospace workers, such as engi- 
neers, computer scientists, and systems 
analysts, are well educated and highly 
trained. For many technical jobs, such as 
assembly workers, electricians, machin- 
ists, and toolmakers, workers need a 
good high school education, followed by 
technical training and apprenticeship. 
Production workers in the aerospace 
industry generally earn higher-than- 
average wages, but they also work a 
longer-than-average week. 

The world aerospace industry is dom- 
inated by the United States and Europe, 
although there are important aerospace 
manufacturers in other nations, includ- 
ing Russia, China, Brazil, India, and 
Japan. Many of the world’s commercial 
airplanes are made in the United States. 
The biggest airplane factory in the 
world is the Boeing plant located in 
Everett, Washington—in fact, it is the 
world’s single largest building. 

U.S. aerospace manufacturers ship 
goods worth many billions of dollars 
every year. Many airplanes, civil and 
military, are exported to other countries. 
Japan, France, the United Kingdom, 
Canada, and China are major markets 
for the aerospace industry and especially 
for U.S. products. The industry in the 
United States employs hundreds of 


G The Cleveland National Air Show combines 
displays of new and historic aircraft with 
aerobatic performances. The show attracts 
thousands of visitors every year. 
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AEROSPACE INDUSTRY LEADERS 


BAE Systems (UK) 

Boeing (U.S.) 

Bombardier (Canada) 

EADS (including Airbus) (Europe) 
Embraer (Brazil) 


GE-Aviation (U.S.) 
General Dynamics (U.S.) 
Honeywell (U.S.) 
Lockheed Martin (U.S.) 
Northrop Grumman (U.S.) 
Raytheon (U.S.) 

United Technologies (U.S.) 


thousands of people. The states with the 
most aerospace jobs are Washington and 
California, and there are also large 
employers in Arizona, Connecticut, 
Kansas, and Texas. 


Challenges for the Industry 
The aerospace industry has cut thou- 
sands of jobs in recent years, however, 
because of a drop in orders due to finan- 
cial problems in the airline industry. 
A decline in airline business followed 
terrorist attacks on the United States in 
2001. Rising fuel prices also hit airlines 
hard, and several major U.S. airlines 
have filed for bankruptcy in recent years. 
The aerospace industry has also been 
troubled by disputes between the United 
States and Europe over government sub- 
sidies (payments to offset the cost of 
developing new aircraft). Boeing, facing 
stiff competition from the new, giant 


Defense, systems. 

Commercial airliners, defense, space. 
Commercial and business aircraft. 
Commercial airliners, space. 
Commercial aircraft, components, systems. 
Engines. 

Defense, space. 

Defense, space. 

Defense, space. 

Defense, space, radar. 

Defense, space. 

Systems, engines, helicopters, space. 





Airbus A380, has complained to the 
World Trade Organization about low- 
interest loans made to Airbus by the 
European Union. 

The space industry has been hit by 
uncertainty over plans for the future of 
manned flights. Programs such as the 
International Space Station (ISS) and a 
replacement vehicle for the Space 
Shuttle, however, continue to create 
demand and challenge the industry’s best 
workers. Aerospace manufacturers are 
facing another challenge, posed by envi- 
ronmental concerns—how to build quiet 
and fuel-efficient aircraft for the future. 


SEE ALSO: 


e Aircraft, Commercial è Aircraft, 


Military ¢ Boeing © Curtiss, Glenn 
e Wright, Orville and Wilbur 
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he ailerons and rudder are two of 


Aileron and Rudder 
| the three control surfaces on an 
airplane (the third is the elevator). 


They are the moving parts that steer a 
plane through the air. The ailerons are 
panels in the trailing (back) edges of the 
wings. The rudder is part of an airplane’s 
tail fin. 

Pilots use the ailerons and rudder 
together to make a turn. They learn how 
to steer their aircraft smoothly through 
a turn with the nose pointing in the 
right direction. 





Using the Ailerons 

A pilot begins a turn by operating the 
plane’s ailerons. The aileron panels work 
by tilting up and down. As the aileron 
in one of the wings tilts up, the aileron 
in the other wing tilts down. When an 
aileron is tilted up, it makes its wing lose 
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lift (the aerodynamic force that pulls 
it upward), and the wing tips down. In 
the other wing, the aileron that is tilted 
down creates more lift, and so the 
wing rises. The aircraft banks (rolls over 
to one side) like a bicycle leaning into 
a turn. 

When an airplane flies straight and 
level, the lift produced by its wings acts 
straight upward. When an aircraft banks, 
the lifts direction tilts with the plane. It 
acts upward and also to one side. It is 
this sideways part of the force that pulls 
the airplane around into a turn. 

Using the ailerons alone, however, is 
not enough to make a smooth turn. The 
rudder has to be used, too. 


(© Ailerons positioned on an aircraft's wings 
move up and down to reduce or increase lift and 
help the plane turn. The rudder on the tail fin 
helps control the direction of the plane's nose 
when it is in a turn. 


Me Aileron 





Rudder 


oN Drag 


Tail fin 





Elevator 
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Using the Rudder 

When an object tries to move through 
air, the air pushes back. This resistance 
to motion is called drag. All aircraft 
experience drag as they move through 
air. When an airplane turns, the rising 
wing experiences more drag than the 
falling wing. The extra drag is caused by 


SPECIAL AILERONS 


Light aircraft and planes with long 
wings, such as gliders, suffer from 
the worst adverse yaw. Designers 
can make adverse yaw less of a 
problem by using special ailerons. 
One type, called a Frise aileron, cre- 
ates more drag when it tilts up than 
when it tilts down. When a plane 
with Frise ailerons turns, both wings 
create extra drag, and so there Is 
little or no adverse yaw. 

Another way to deal with the 
problem is to make the aileron in 
one wing tilt down just a little, while 
the aileron in the other wing tilts up 
a lot. These ailerons are known as 
differential ailerons. The rising wing 
creates less drag because the aileron 
is not tilted downward as much. As a 
result, the yaw problem Is reduced. 
The Tiger Moth biplane had differen- 
tial ailerons. More modern light air- 
cart Sueiras the Cessiia 57 waise 
use differential ailerons. 





the downward-tilted aileron. This force, 
called aileron drag, acts like a brake, 
slowing down one side of the plane. It 
turns the plane’s nose in the wrong 
direction—the opposite direction to the 
turn. This effect is called adverse yaw. 
Yaw means turning to the left or right. 
An airplane’s rudder is used to con- 
trol yaw. The rudder swivels to the left 
or right. A pilot corrects adverse yaw by 
turning the rudder to point the plane’s 
nose in the correct direction. If a plane 
banks to the right in order to turn right, 
for example, its nose yaws to the left. 
Adding some right rudder corrects this. 





©) Two technicians guide an aileron into place on 
a wing during maintenance work on an aircraft. 


SEE ALSO: 


e Aerodynamics © Biplane œ Lift and 


Drag œ Pitch, Roll, and Yaw e Tail 
e Wing 
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Air and Atmosphere 


arth is surrounded by a blanket of 
F air called the atmosphere. Air is a 
mixture of gases. It supports life, 
soaks up energy from the Sun, and 
moves water around the planet. The 


atmosphere protects us from harmful 
rays from space. 


Gases and Gravity 
Air is made mainly of nitrogen and oxy- 
gen with small amounts of other gases. 
The weather, winds, and air currents 
keep the gases mixed up together. The 
gases in dry air are 78 percent nitrogen, 
21 percent oxygen, and 0.9 percent 
argon. The remaining 0.1 percent is a 
mix of carbon dioxide, neon, helium, 
methane, krypton, hydrogen, and all 
other gases. The atmosphere also con- 
tains varying amounts of water vapor. 
Gravity pulls the atmosphere down 
toward the ground, which means the 
atmosphere has weight. In fact, the 
atmosphere weighs about 5,500 trillion 
tons (about 5,000 trillion metric tons). 
This great weight presses down on 
Earth’s surface. At sea level, it presses 
against everything with a force of about 
14.22 pounds on every square inch 
(98 kilopascals). This pressure is known 
to scientists as “1 atmosphere.” 


The Atmosphere’s Layers 

The atmosphere is not the same all the 
way up from the ground. It is divided 
into four layers: the troposphere, strato- 
sphere, mesosphere, and thermosphere. 
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The lowest layer is the troposphere. It 
extends from Earth’s surface up to a 
height of about 4 miles (6.4 kilometers) 
at the poles and 11 miles (17.7 kilome- 
ters) at the equator. Most weather and 
clouds occur in the troposphere. 
Temperature falls with height, dropping 
to about -112°F (-80°C) at the top. 
Clouds are produced by water vapor ris- 
ing into the colder air and changing into 
water droplets or ice crystals. 

Jet streams are fast air currents found 
near the top of the troposphere. They are 
studied by meteorologists, because they 
affect the weather below them. The jet 
streams’ winds blow from west to east. 
The wind speed is normally 35 to 75 
miles per hour (56 to 121 kilometers per 
hour), but speeds of more than 250 miles 
per hour (402 kilometers per hour) have 
been recorded. An airliner using the jet 
stream to fly eastward can fly faster 
without burning any more fuel. 

The layer above the troposphere is 
the stratosphere. The stratosphere is 
drier and less dense than the layer below 
it. It goes up to a height of about 31 
miles (50 kilometers) above Earth’s sur- 
face and contains the ozone layer. Ozone 
is a type of oxygen with three atoms 
instead of the usual two. This gas soaks 
up harmful ultra-violet radiation from 
the Sun. Because of this, the temperature 
rises with height in the stratosphere, up 
to about 32°F (0°C) at the top. 

The next layer is the mesosphere. It 
goes from about 31 miles (50 kilometers) 
above Earth’s surface up to about 53 
miles (85 kilometers). Less is known 
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> This diagram shows the layers of the atmos- Up to 6,200 miles 
phere and the exosphere. Some satellites orbit UST OO HCI). 
Earth in the exosphere; others are out in space. | 
about the mesosphere than the lower eines 
layers because it is too high for most air- 
craft to fly in and too low for most 
spacecraft to orbit in. Temperature falls 
yet again in the mesosphere, down to TAE OE 
about -148°F (- 100°C). (640 kilometers). | 


Exosphere 


The Upper Atmosphere 

The uppermost layer of the atmosphere 
is the thermosphere. It stretches from the 
top of the mesosphere up to a height of 
about 400 miles (640 kilometers). 
Temperature levels rise dramatically in 
the thermosphere, up to approximately 
3630°F (about 2000°C). 


Space Shuttle 
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Aurora 


THE OZONE HOLE 


Up to 53 miles 
(85 kilometers). 


Some of the chemicals we use, espe- 
cially chlorofluorocarbons (CFCs), 
damage the ozone layer by breaking 
down the ozone. In the 1970s, scien- 
tists found a hole forming in the 
OZ0newlavyer over. the sou Pole 


Measurements made by satellites 
confirmed this in the 1980s. To save 
tfe-ezone wawer, CFCs were. bahinied 
by most countries. New measure- 
ments show that the damage Is 
Slowing down, although it may take 
up to 100 years for the ozone layer 
to recover completely. 








Troposphere 
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A spectacular light display sometimes 
occurs in the thermosphere. Near the 
North Pole, the light patterns are known 
as the northern lights, or aurora borealis. 
The southern lights, or aurora australis, 
are seen near the South Pole. Auroras 
are caused by particles of energy from 
the Sun. These particles stream through 
Space past Earth. The Earth’s magnetism 
pushes them away everywhere except at 
the poles. As the particles dive into the 
atmosphere, they crash into gases in the 
thermosphere and create a glow. 

Outside the atmosphere, the last 
remaining wisps of gas form the exos- 
phere. This may extend to about 6,200 
miles (about 10,000 kilometers) from 
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Earth. The gases in this layer are mainly 
hydrogen and helium. The exosphere is 
so thin and the Earth’s gravity has such 
a weak hold on it that the gas particles 
can escape into space. 

The thermosphere and exosphere 
contain part of the atmosphere known 
as the ionosphere. This layer contains 
particles with an electrical charge called 
ions. Some radio signals bounce off the 


€) The northern lights, or aurora borealis, occur 
in the thermosphere, the atmosphere layer that 
lies between 53 miles (85 kilometers) and 400 

miles (644 kilometers) from Earth's surface. The 
colorful ribbons and clouds of light can be seen 


regularly in northern regions of the world. 
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ionosphere. They can travel long dis- 
tances around the world by bouncing 
between the ground and ionosphere over 
and over again. Very short radio waves 
pass through the ionosphere instead of 
bouncing off it. These radio waves can 
be used to communicate with spacecraft. 


Energy from the Sun passes through the 
atmosphere’s layers to warm Earth’s sur- 
face. The surface then warms the atmos- 
phere. The warm air rises and draws in 
more air underneath to replace it. These 
air currents caused by the Sun and also 
by the spinning motion of Earth are 
responsible for the weather. 


The burning of fossil fuels releases smoke and 
gases that cause pollution of Earth's atmosphere. 
Smog (a thick dirty fog) forms above certain 
cities where fossil fuel emissions from vehicles 
and factories hang in the air. Smog is the cause 
of respiratory problems for many city dwellers. 


Some gases in the atmosphere are 
very good at soaking up warmth instead 
of letting it escape into space. These 
gases make the atmosphere warmer 
overall. The rise in temperature caused 
by these gases trapping heat is called the 
greenhouse effect, and the gases that 
trap the heat are known as greenhouse 
gases. Water vapor, carbon dioxide, and 
methane trap the most heat. 
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Without the greenhouse effect, the 
world would be about 60°F (33°C) cold- 
er than it is now. The world is gradually 
warming up, however, in a process 
called global warming. Many scientists 
believe this is happening because of the 
increase in greenhouse gases produced 


BLUE SKIES AND RED SUNSETS 


by human activities. When fossil fuels 
such as coal and oil are burned, they 
release carbon dioxide, which traps heat. 

Depending on how much the atmos- 
phere warms up, global warming could 
cause droughts in some parts of the 
world, floods in other parts, and more 


Air is colorless, so why is a clear sky blue? Sunlight contains all the colors of the 
rainbow mixed together. As sunlight streams through the atmosphere, it hits air 
molecules. The molecules scatter the light in all directions, but the blue part of the 
light Is scattered more than the other colors, because Its wavelengths are shorter. 
The sky, therefore, looks blue In every direction. 

Brilliant red sunsets are also caused by light scattering. When the Sun is low in the 
Sky Just before It sets, sunlight travels more than thirty times farther through the 
atmosphere to reach the eyes of an observer than it does when the Sun Is high in the 
Sky. Most of the blue part of the sunlight Is scattered out, leaving the red and orange 
parts of the light (with their longer wavelengths) to give the sunset those colors. 
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violent storms everywhere. If a warmer 
atmosphere melts the polar ice caps, the 
sea level could rise enough to flood 
coastal cities. Crops could fail in some 
places as the climate changes. Many 
people believe the effects of global 
warming are already being seen. 


From Atmosphere to Space 

The atmosphere does not have a defined 
top, like the surface of land or ocean. Air 
becomes thinner with altitude until it is 
too thin to measure. Scientists chose an 
altitude within the atmosphere where 
they consider space begins. The most 
widely used definition for the beginning 
of space is 62 miles (100 kilometers) 
above sea level, in the thermosphere. In 
the United States, however, a person is 
defined as an astronaut when traveling 
above 50 miles (80.45 kilometers). 

Space scientists and engineers 
defined the beginning of space at a dif- 
ferent altitude in the thermosphere. They 
chose an altitude of 400,000 feet 
(121,920 meters), or about 76 miles (122 
kilometers), and they call it the entry 
interface. This is the altitude where the 
air is thick enough to begin heating up a 
spacecraft as it returns from space. 

The air doesn’t stop suddenly at this 
altitude. There is still some air higher up, 
where spacecraft orbit Earth. In fact, 
there is enough air at those levels to 
slow down a spacecraft. 


Atmospheric Drag 
When a spacecraft in orbit slows down, 
gravity pulls it closer to Earth and it 


descends into thicker air, which slows it 
down even more. This keeps happening 
until the spacecraft plunges deeper into 
the atmosphere. This process is called 
orbital decay, and it is caused by atmos- 
pheric drag. 

The Space Shuttle usually orbits the 
Earth at an altitude of about 185 to 250 
miles (about 300 to 400 kilometers). The 
atmosphere here is about a million times 
thinner than the atmosphere at sea level, 
but there is still enough air to slow the 
spacecraft down. The Space Shuttle is in 
space for only a week or two, however, 
and orbital decay is not a problem dur- 
ing such a short time. 

The International Space Station stays 
in space all the time. It orbits Earth at 
a height of 200-250 miles (320-400 
kilometers). Atmospheric drag lowers its 
orbit by a few feet per day, or about 
1.24 miles (2 kilometers) a year, so it has 
to be propelled up to a higher orbit every 
few months. 

The amount of atmospheric drag 
changes from day to day and season to 
season because of the effect of the Sun 
on the atmosphere. The Sun heats the 
atmosphere on the daylight side of the 
Earth and makes it expand. Spacecraft in 
orbit experience more drag (and 
increased orbital decay) from the thicker 
air expanding upward from below. 


SEE ALSO: 
e Altitude è Gravity ¢ Pollution 


e Pressure @ Space Shuttle 
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Air-Cushion Vehicle 


he air-cushion vehicle (ACV) is a 
| form of transportation that travels 
just above land or water on a 


cushion of air. It is also known as a 
hovercraft or ground-effect machine. 


How the ACV Works 

An ACV is an aircraft only in the sense 
that it is lifted off the surface supported 
by the air beneath it. Air can exert a lot 
of power when it is under pressure, for 
example when it is blasted into an 
enclosed space. An ACV uses this power 
to lift itself, floating on a cushion of air 
created by powerful fans. In this way, it 
is able to move smoothly over land or 
water. An ACV cannot fly at height. 
Depending on the vehicle, the amount of 
lift is between 6 inches and 100 inches 
(15.2 centimeters and 254 centimeters). 


Propeller 


Some ACVs have wings, designed to 
generate just enough lift to raise the 
vehicle above the surface when it has 
reached a sufficient speed. Wings are 
not essential, however. An ACV will 
float on the compressed air that is 
sucked in by the fans and held in place 
beneath it. The air is contained either 
by a rigid sidewall or by a flexible skirt 
fixed around the lower edges of the 
vehicle. It is this air that gives the ACV 
its lift. 

For forward propulsion, some ACVs 
use propellers turning in the air (like 
some airplanes). Others are driven for- 
ward by propellers turning underwater 
or by a high-powered water jet. 


€) This diagram shows the basic parts of a 
hovercraft. A fan sucks in air to create lift. 

A propeller creates the thrust to move the craft 
forward, while a rudder is used to steer. 


Fan Intake of air through 
fan creates lift. 


Air cushion 
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EXPERIMENTING WITH 
GROUND EFFECT 


The principle of ground-effect 
flight was first Suggested In 1716 
by Swedish scientist and philoso- 
oher Emanuel Swedenborg. In the 
1870s, British engineer Sir John 
Thornycroft experimented with 
model vehicles that floated on air. 
He concluded that, instead of a ship 
having a conventional sealed hull, 
it could be designed with a plenum 
chamber—a box filled with alr and 


open at the bottom. (A plenum is 
an enclosed space in which the air 
pressure IS greater than the air 
pressure that surrounds the space.) 
The air would reduce the drag from 
the water, allowing the ship to 


travel faster on less power. 
Unfortunately, the technology 
required to build a full-sized ACV 
did. not exish.at The amine. sn ethic 
1920s, however, German engineers 
proved that a flying boat could 
achieve greater range and speed 
by flying very close to the water, 
making use of ground effect. 





ACV Pioneers 

The modern ACV owes much to the pio- 
neer work of three inventors: British 
engineer Christopher Cockerell and two 
Americans: airspace engineer Walter A. 
Crowley and U.S. Navy designer Colonel 


Melville Beardsley. Cockerell had the 
idea that a vehicle would float on a 
ring-shaped curtain of air. He proved it 
with experiments using two empty 
coffee cans and a hair dryer. Crowley, 
meanwhile, was inspired by his dis- 
covery that a household lampshade 
could be made to float on air. In 1957 he 
built a hover-chair, which was not 
unlike a giant lampshade. He and 
Beardsley separately came up with the 
invention of a flexible skirt to stop air 
from escaping beneath the ACV. This 
escaped air had been the chief weakness 
of Cockerell’s design. 

A skirt was fitted to the first practical 
ACV, Cockerell’s SR-N1 hovercraft. Big 
enough to carry three men, this vehicle 
crossed the English Channel in 1959. 
The SR-N1 skimmed across the 
sea at almost 30 miles per hour (48 kilo- 
meters per hour). It offered the prospect 
of an entirely new kind of ferry. 


Skirts and Sidewalls 

By 1969 the SR-N4 was carrying 600 
passengers on ferry services between 
England and France at 80 miles per hour 
(129 kilometers per hour). The ACV fea- 
tured four gas turbine engines driving 
airscrews and a tough, flexible skirt to 
keep the air cushion in place. The skirt 
also allowed the 160-ton (145-metric- 
ton) craft to ride over low obstacles 
without air escaping. 

The first ACV skirts were like rubber 
curtains, and they quickly wore out. The 
modern ACV has a bag skirt, which 
looks like a thick tube and is made of 
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tough nylon and plastic. The craft rests 
on the bag when it is not moving. 

Another type of ACV was developed 
for use over water only. Known as the 
sidewall ACV, it has a skirt only at front 
and back and rigid panels on its sides. 
The sidewall ACV skims over the water, 
like a hydrofoil ship, but this type can- 
not operate overland. 


Advantages and Disadvantages 
The advantage of an air-cushion vehicle 
over conventional craft is that it can 
travel over water faster than most ships. 


© U.S. Marines load a Humvee onto a Landing 
Craft Air Cushioned (LCAC) during a 2006 exercise 
in North Carolina. Two huge propellers are visible 
at the rear. The skirt will inflate with a cushion 

of air supplied by four fans when the craft leaves 
the shore. 


Amphibious ACVs have the added 
advantage of being able to travel over- 
land, too, and they can do so faster than 
most trucks or military vehicles. 
Amphibious ACVs can cross deserts, 
swamps, lakes, or ice with equal ease. 
At first, ACVs seemed to offer enor- 
mous potential for public transportation 
and military use. Problems in their use 
reduced their commercial value, how- 
ever. The airscrews were too noisy for 
ACVs to move around cities. At sea, 
ACVs traveling fast over the ocean put 
out a lot of spray, and the salt spray 
damaged the gas turbine engines. The 
engines also used a lot of fuel, making 
ACVs expensive to operate. While com- 
fortable for passengers in calm water, 
even big ACVs could not cope well with 
rough seas. These disadvantages caused 
the early optimism about them to fade. 
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The military in Britain and the United 
States experimented with ACVs_ as 
amphibious assault and patrol craft. The 
U.S. Marine Corps and U.S. Navy use an 
ACV designed in the 1980s as a landing 
craft (a vessel used for taking troops and 
equipment to shore). The Landing Craft 
Air Cushioned (LCAC) is carried inside a 
large naval ship. Offloaded from the 
ship, the LCAC can move inshore and up 
a beach to land troops and supplies. 
The LCAC has four engines (two for 
propulsion, two for lift) and four fans; 
its top speed is about 45 miles per hour 
(72 kilometers per hour). 

While some ACVs are used in public 
and private transportation, the ACV has 
not yet developed into the widespread 
system that its inventors expected. The 
air-cushion principle has been tried in 
other forms, however. High-speed 
hovertrains have been tested for railroad 
use. Enthusiasts and model makers enjoy 
building small ACVs as a hobby. 


— 


SS 


©) Postal workers use a hovercraft on a flooded 
highway in Louisiana after Hurricane Rita in 2005. 


RAM WINGS 


An interesting vehicle that uses the 
ground-effect principle, rather like 
ing" ocam dd In the 19205 the 
ram-winged craft. It looks like an 
airplane, but it never takes off. 
Instead of flying, It skims over the 


SUmideer Ihee laaneser.anceaiie 
Russians have built ram-winged 
machines, which are good at travel- 
ing over lakes and Icy terrain. 


SEE ALSO: 
e Aircraft, Military ° Flying Boat and 
Seaplane œ% Lift and Drag ¢ Pressure 
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Air Traffic Control 


he term air traffic refers to all air- 
T craft in the air, about to fly, or just 

landed. Air traffic control is per- 
formed by people on the ground whose 
job is to ensure air safety at all times. 
Safety is a matter of concern for all 
fliers, whether they are piloting private 
airplanes, military jets, or airliners. 
Pilots have the final responsibility for 
the safety of any aircraft, but they must 
also follow instructions given by con- 
trollers on the ground. 

Air traffic controllers make sure that 
aircraft of all sizes move safely around 
in the sky. Their work is of special 
importance around airports, where the 
sky is often crowded with airplanes. Air 
traffic control makes sure that planes 
taking off and landing do so in a safe, 
orderly, and efficient manner. 


The Early Days 

of Air Traffic Control 

In the pioneer days of aviation, a pilot 
relied on eyesight and navigated with a 
map, following ground landmarks such 
as highways and railroads. Rules to reg- 
ulate air navigation were first introduced 
in the 1920s. The first air traffic con- 
troller began work in 1929 in St. Louis, 
Missouri. English became the interna- 
tional language of air traffic control, and 
agreed-upon words were adopted to 
prevent misunderstandings. At this time, 
radio was used to communicate with 
planes, but there was no radar to track 
aircraft movement until the 1940s. 
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The International Civil Aviation 
Organization (ICAO) was set up in 1947. 
Today, this agency of the United Nations 
regulates air traffic control worldwide 
as well as the boundaries of national 
airspace. It allocates call signs to each 
airline flight, usually an abbreviated 
form of the airline name (such as GLA 
for Great Lakes Airlines) followed by 
the number of the flight—for example, 
GLA 674 for flight 674. The call signs 
appear on radar screens, on flight plans, 
and on information boards at airports. 
Other civilian aircraft are usually identi- 
fied by their registration numbers, a 
combination of letters and numbers dis- 
played on the tail and wings—N3761P, 
for example. (The “N” is the interna- 
tional designation for the United States.) 


Today’s Regulators 

In some countries air traffic control is 
run by the military. In others, civilian air 
traffic controllers may work for the gov- 
ernment or for a privatized company. The 
Federal Aviation Administration (FAA) is 
the national agency responsible for civil- 
ian aircraft and air safety in the United 
States. It sets the rules for all commercial 
aircraft operators and private pilots fly- 
ing in U.S. airspace. The FAA also certi- 
fies pilots. Air traffic controllers must 
undergo a training course before they, 
too, are certified by the FAA. 

The FAA runs a network of twenty 
Air Route Traffic Control Centers 
(ARTCCs) across the continental United 
States. Most centers are named for major 
cities—although located outside them— 
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and they are identified by a code. Center 
code names are prefixed by the letter K, 
followed by a three-letter identifying 
tab, such as KZBW (Boston) and KZAU 
(Chicago). There are also centers outside 
the continental United States in Alaska, 
Guam, and Puerto Rico. The Air Traffic 
Control System Command Center over- 
sees the national picture. 

National airspace is the air above a 
nation’s territory, which may include 
stretches of ocean. Each ARTCC has 
responsibility for its own area, and some 
have responsibility for airspace over 
international areas of ocean, allocated to 
them by the ICAO. (Much of the airspace 
above oceans, however, is not controlled 
by any one nation.) 


©) One airplane waits on the runway while 


another descends toward O'Hare International 
Airport in Chicago. Air traffic control performs 
the crucial job of keeping large numbers of 
aircraft moving safely. 


Each center takes charge of an air- 
plane from the time the pilot enters its 
area until the airplane is handed off to 
the next control center. Near the end of 
its flight, usually at a distance of 5 miles 
(8 kilometers) from the airfield, the plane 
is handed over to an air traffic controller 
at the airport terminal for landing. 


Controlling the Airways 


Airplanes fly along set routes, called air- 
ways, in the same way that cars travel 
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A STRESSFUL JOB 


A good air traffic controller needs to 
have spatial awareness and mathe- 
matical abilities. Above all, a con- 
troller must stay calm under pressure. 
He or she must be able to absorb 
data, assess a Situation accurately, 
and make the right decision quickly. 
Fitness, good vision and hearing, and 
a clear radio speaking voice are also 
essential. A controller should be a 
good team worker because safe alr 
travel requires cooperation from 
many people. Air accidents are rare, 
but near misses sometimes do occur. 
After the attacks of September 11, 
2001, terrorism brought a new 
dimension of risk, adding to US. air 
traffic controllers responsibilities. 

eo aleatrattic contele in 
the United States went on strike. They 
were protesting their increasing 
workload and the stress and dangers 
of handling more airplanes every 
year. The federal government dis- 
missed 10,000 controllers. To reduce 
pressure, however, a flow control 
system was Introduced. Under this 
system, an airliner could not leave an 
airport unless landing space was 
available at its destination airport at 
the time it was due to arrive. This 
eased the stress on controllers who 
were handling the holding stacks of 
airplanes waiting to land. 





on a highway. The difference, of course, 
is that aircraft travel much faster than 
cars and fly at different heights. Several 
aircraft may be flying over an airfield 
while other planes are preparing to land 
or take off below. For safety, all these 
aircraft must keep safe distances apart, 
both vertically and horizontally. The 
normal vertical distance between air- 
craft, known as safe vertical separation, 
is 1,000 feet (305 meters) below 29,000 
feet (8,840 meters) and 2,000 feet (610 
meters) at altitudes above 29,000 feet 
(8,840 meters). For planes at the same 
height, a distance of at least 10 miles (16 
kilometers) apart is regarded as safest. 

In the United States each ARTCC’s 
zone is divided into smaller sectors. 
Around airports, the airspace comes 
under Terminal Radar Approach Control 
(TRACON). Each TRACON covers rough- 
ly a 50-mile (80-kilometer) radius of air- 
Space, and within each airspace is at 
least one airport. Each airport also has 
its own airspace, with a radius of 5 miles 
(8 kilometers). Around some busy inter- 
national hubs, one main computerized 
center handles all traffic. London, for 
example, has one main center that con- 
trols air traffic in and out of the city’s 
five major airports. 

At a small airport, controllers may 
have control of aircraft on the ground 
and in the air around their airfield. 
Small flight service stations (FSS) help 
and advise private pilots flying in coun- 
try districts or from small airfields. 

At a larger, busier airport, different 
types of controllers may be assigned to 
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various tasks. Tower con- 
trollers keep a visual watch 
on aircraft as well as using 
radar. Approach controllers 
follow the movements of 
airplanes approaching and 
leaving the airfield, usually 
up to a distance of 50 miles 
(80 kilometers) and to a 
height of 10,000 feet (3,050 
meters). Area controllers are 
responsible for planes flying 
at higher altitudes. 

The duties of an air traffic 
controller include using the 
radio to pass instructions to 
pilots about takeoff and 
landing and to relay weath- 
er information. Controllers 
use radar to track airplanes 
during their flights and plot 
the locations of aircraft on 
charts (maps). They check 
aircraft speed, direction, and 
altitude and keep a record of 
all movements and commu- 
nications. Computers are 
vital to air traffic controllers 
for processing and accessing 
information. 


The Flight Plan 

Before takeoff a pilot completes a flight 
plan. This shows the flight as stages, or 
sectors. It lists details of aircraft type 
and registration, speed in knots (nautical 
miles per hour), height, wind speed, fuel 
consumption (in hours and minutes), 
number of passengers, and estimated 





©) Air traffic controllers at airports usually work 


in high towers, giving them a good view of the 
runways and surrounding airspace. 


time for the flight. It indicates whether 
the pilot will be using visual flight rules 
(VFR) or instrument flight rules (IFR). 
The plan always allows for an aircraft 
to have some fuel in reserve, and it 
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includes details of alternate landing 
fields in case of emergency. 

This flight plan goes to control cen- 
ters along the planned route. Flight 
plans are usually required for all flights 
using IFR. For VFR flights, they are 
optional (although recommended) unless 
an airplane is crossing national borders. 
Air traffic controllers enter flight plans 
into the FAA computer, which generates 
a flight progress strip. The strip is passed 
from center to center along the route 
and contains all the data needed to track 
the aircraft. 

After an aircraft has been given 
clearance to take off, it is directed away 
from the airfield onto an outgoing route, 
Safely clear of all other planes. A 
transponder on board picks up radar sig- 
nals from the ground and relays back 
flight details, which appear alongside a 
“blip” on the controller’s radar screen. 
During the flight, an airplane’s progress 
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HAZARD ALERTS 


Modern electronics provide the air 
traffic controller with hazard-alert 
systems. The Conflict Alert system Is 
able to warn of a possible collision 


between aircraft. Ihe Minimum Safe 
Altitude Warning tells the controller 
when an airplane is flying too low. 
The Area Penetration Warning alerts 
the controller that a plane is about 
to fly Into prohibited airspace, such 
as a military zone. 





is followed by a minimum of two traffic 
controllers in each sector of ARTCC air- 
space. Pilots and controllers exchange 
information during the flight, in case 
a change of plan is necessary to avoid 
bad weather, air turbulence, or possible 
congestion around an airport. 


Keeping Track 

Airport controllers work from a 
control tower, a tall building 
with a good view of the run- 
ways. They use their eyes, as 
well as radar, to scan airspace. 
Incoming airplanes waiting to 


G In the United States, military 
airplanes are controlled by military air 
traffic centers based on land and on 
ships at sea. These U.S. Navy controllers 
are monitoring incoming aircraft aboard 
the aircraft carrier USS Abraham Lincoln. 
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land circle in a vertical “holding stack” 
above the airfield. When a controller 
directs the lowest plane in the stack to 
Start its landing approach, the next 
plane descends to take its place. 

Once an airplane has touched down, 
the controller directs it to an exit taxi- 
way, clearing the runway for the next 
landing. At large, busy airports, for 
extra safety, radar also tracks planes on 
the ground. With an increasing number 
of flights every year—and tightened 
security checks at airports—air traffic 
controllers have a heavy workload. 
Delays at airports may happen when 
there are simply too many aircraft for 
the controllers to handle smoothly. 

Modern navigational aids have 
increased air safety. The first naviga- 
tional aids for pilots were illuminated 
beacons on the ground. Next came radio 


©) Air traffic controllers depend on radar screens 
and computer data as well as scanning the skies 
visually from their towers. 


Stations transmitting signals, which a 
pilot could use to fix a course. Modern 
airplanes have onboard radar and iner- 
tial guidance navigation systems, with 
computers that can fly the plane and 
plot a course automatically, using data 
from the satellites of the Global 
Positioning System (GPS) and other 
navigation systems. Most modern 
airliners can, if necessary, land automat- 
ically without any help from the pilot. 


SEE ALSO: 
e Airport è Altitude èe Communication 


Radar 


Navigation @ Pilot 
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ommercial aircraft carry passen- 
(Ces and cargo or perform other 
paid work in the field of general 
aviation. Fleets of large commercial air- 
planes are owned by airlines. Many 
smaller commercial aircraft are owned 
by small businesses and private pilots. 
Airplanes used for commercial air 
transportation include the huge, wide- 
bodied airliners able to carry more than 
400 passengers. Today’s freight carriers 
can take loads of cargo weighing more 
than 155 tons (140 metric tons). These 
large aircraft fly for thousands of miles 
across continents and oceans. Cargo 
planes carry goods—such as perishable 
foods, mail, and money—that are rela- 
tively small or of high value and that 
need to be moved quickly. 
General purpose aircraft include 
small airplanes with special tasks, such 
as farm crop dusters. Helicopters are also 
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useful for business travel and on large 
farms and ranches. 


Early Commercial Flights 

In the early days of aviation, airplanes 
were small and flew slowly. The public 
showed little interest in air travel, and 
businesses did not consider air freight as 
a way to move their goods around. Not 
until 1912 did an airplane exceed 100 
miles per hour (160 kilometers per hour) 
to match a railroad train or automobile. 
Planes were faster than ships, but they 
could not cross the wide oceans. Nor 
could they carry more than one or two 
people at a time. 

The first known freight flight took 
place in 1910, when the Ohio company 
Morehouse-Martens hired Philip O. 
Parmalee to fly two packages of silk 
between its stores in Columbus and 
Dayton, Ohio. This was a publicity stunt, 
but the practice of carrying mail by air 
seemed a good idea and soon caught on. 


CG Cargo planes are loaded 
through doors in the tail or 
nose. The Aero Spaceline 
Guppy was shaped to carry 
rocket parts for the U.S. 
Space program. In Europe, 
the Guppy is used to move 
sections of Airbus airliners 
between factories. 
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AIRMAIL 


Airmail flights began in 
September 1911, when the 
U.S. Postmaster-General 
awarded pilot Earl L. 
Ovington the title of Air 
Mail Pilot Number One. 
On May 15, 1918, the USS. 
Postal Service introduced 
a daily airmail service 


between New York City, 


Washington, D.C. and 
Philadelohia. For the first 
few months, army avia- 
tors flew the airmail 
routes. Civilian pilots 
were then trained, and 


S vy o 


©) Pilot Torrey Webb receives a bag of mail from New York 
postmaster Thomas Patten before the first flight of the U.S. 
Postal Service daily airmail service on May 15, 1918. 


the airmail service was gradually expanded. The first coast-to-coast airmail was 
delivered in the United States In 1921. The mail left San Francisco at 4:30 A.M. on 
Feoruary 22 and reached Long Island, New York, at 4:50 the following afternoon. 
Soon, regular flights operated between New York and San Francisco. In 1927, the 
Postal Service turned its airmail network over to the newly emerging airlines. 


In 1912, there were only 2,400 
licensed pilots in the world, more than 
900 of whom were in France. There were 
fewer than 200 pilots in the United 
States. Things changed rapidly after 
World War I (1914-1918). Aircraft were 
bigger, faster, and more reliable. There 
were many more pilots available, trained 
as military fliers and now released from 
service. Record-breaking flights, such as 
the first crossing of the Atlantic Ocean 
in June 1919 by John Alcock and Arthur 





Whitten Brown, showed that long- 
distance flight was no longer a dream. 


The First Airlines 

The first airlines started operating with 
both airships and airplanes. Companies 
began selling tickets for regular passen- 
ger flights. The world’s oldest airline is 
the Dutch airline KLM, which started in 
1919. Another pioneer airline was 
Australia’s Qantas (Queensland and 
Northern Territory Aerial Service), which 
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was founded in 1920. Two early U.S. 
airlines were Pan American World 
Airways (1927) and Trans World Airlines 
(founded as Western Air Express in 1925). 

In the early days, airplanes had lim- 
ited endurance, and airfields were few. 
Flying boats, however, were aircraft that 
could land anywhere there was water. 
They were used for the long routes that 
traveled over oceans. In 1936 Pan 
American Airways began a passenger 
service across the Pacific Ocean using 
the China Clipper flying boat. The China 
Clipper carried forty-three passengers on 
day flights. On night flights, the number 
was reduced to eighteen passengers, who 
were provided with beds. 

Some of the first land-based passen- 
ger planes were large biplanes, such as 
Britain’s HP-42, an airliner with four 
engines that flew from 1930 to 1939. It 
carried thirty-eight passengers at around 
100 miles per hour (160 kilometers per 
hour). The HP-42 had to land every 
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500 miles (805 kilometers) to refuel on 
flights between England and India. 

In the 1920s and 1930s, flights were 
often interrupted by unplanned land- 
ings, usually because of engine failure 
or bad weather. Pilots had just a few, 
basic instruments to guide them, radio 
was unreliable, airfields were few, and 
even heavy rain could cause a flight to 
be canceled. 

In the 1930s manufacturers began to 
build all-metal monoplanes. Boeing’s 
Model 247 (1933) carried ten passengers 
at 180 miles per hour (290 kilometers 
per hour). The reliable Douglas DC-3 
(1935) popularized air travel, becoming 
one of the most famous airliners. Some 
DC-3s are still flying today. The world’s 
first pressurized airliner, the Boeing 307, 
was able to fly above most of the bad 
weather that made flights uncomfort- 
ably bumpy for passengers. 

World War II (1939-1945) inter- 
rupted all commercial aviation. When 
the war ended, airlines 
resumed flights with 
converted warplanes. 
The British Lancastrian 
was a civil version of 
the Lancaster bomber, 


G The first interior created 
for a U.S. passenger jet was 
displayed in New York City 
In 1956, when the manu- 
facturer Boeing showed off 
its 707 Jet Stratoliner cabin, 
complete with models posing 
as flight attendants. 
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while the Boeing Stratocruiser was based 
on the B-29 bomber. New planes of the 
1950s included the last of the long- 
range propeller-driven airliners, such as 
the Lockheed Constellation. This air- 
plane carried up to 100 passengers from 
New York to London at 340 miles per 
hour (550 kilometers per hour), cruising 
at 23,000 feet (7,000 meters). 

Small aircraft also developed for 
commercial use in this period. The 
Cessna 152 of the 1950s, for example, 
was a two-seat monoplane with a piston 
engine that gave it a top speed of 125 
miles per hour (200 kilometers per hour). 


The Jet Age 
The introduction of jet planes brought 
about a revolution in passenger flying. 
The De Havilland Comet first flew in 
1949 and went into service in 1952. It 
was followed by the Boeing 707, which 
could fly at 580 miles per hour (933 
kilometers per hour) at 40,000 feet 
(12,190 meters). When the 707 entered 
service in 1958, critics argued that no 
airline would be able to fill its 130 seats. 
By 1969, however, the Boeing 747 was 
offering seats for 350 passengers. 

Turboprop airliners, such as the 
Vickers Viscount and Lockheed Electra, 
proved briefly popular. Turboprop 
planes have gas turbine engines that 
turn propellers. They were slower than 
jets, but they were quiet and efficient. 
These aircraft were soon replaced, how- 
ever, by new medium-size jets. 

The commercial aerospace industry 
of the late twentieth century had to 


PRESSURIZED CABINS 


The air is very thin at high altitudes, and 
early pilots flying above 10,000 feet 
(3,050 meters) would have needed oxy- 
gen tanks to breathe. A better system, 
introduced during World War II, was the 
pressurized cabin. Pressurized cabins 
were first used commercially in 1940, In 
the Boeing 307. After the war, pressur- 
ized cabins became standard on aircraft 
carrying passengers. 

Commercial aircraft fly between 
30,000 and 40,000 feet (9,150 meters 
to 12,200 meters). Whatever the temper- 
ature and altitude may be outside, the 
compressed air inside a pressurized cabin 
allows people to function as they would 
at lower altitudes. The pressurized air 
gives passengers enough oxygen to 
breathe comfortably. The introduced 
alr system also maintains a comfortable 
temperature. 

The préssunmedieair, NNN COMES 
from compressors in the aircraft engines, 
flows through the wings to air condi- 
tioning units under the floor of the cabin. 
It is mixed with filtered air already in the 
cabin (the filters trap any microbes) and 
iS circulated In a continuous flow that 
dilutes odors and regulates temperature. 
The air in the cabin changes every two 
to three minutes. In spite of the general 
belief that airplane air is full of recycled 
germs, airline passengers breathe cleaner 
alr than most office workers. 





53 


(c) 2011 M.E. Sharpe, Inc. All Rights Reserved. 


AIRCRAFT, COMMERCIAL 





anticipate public demand for the future. 
Did passengers want cheaper fares in 
bigger aircraft, like the Boeing 747 and 
Airbus 380? Or would they pay more for 
the high-speed flights offered by the 
supersonic Concorde? The 747 won the 
commercial battle easily. Boeing 747s 
are still being built, while Concorde was 
retired in 2003. Only sixteen Concorde 
planes were ever flown commercially. 

By 2000 Boeing aircraft had come 
to dominate the global market in com- 
mercial aviation. Boeing’s main rival 
is the European consortium Airbus 
Industries, a group of aerospace compa- 
nies that makes the Airbus family of 
commercial jets. 


Today’s Aircraft 

Commercial aircraft are built for 
strength and safety rather than speed, 
although many can travel at just below 
the speed of sound. A modern airliner 
can fly nonstop from San Francisco to 
Sydney, Australia; from Washington, 
D.C., to Rome, Italy; or from New York 
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O Most airliners have two or four turbofan 


engines mounted in pods beneath the wings. 
The Boeing 747-400, shown here, has four 
engines. It carries from 416 to 568 passengers. 


City to Tokyo, Japan. It can cruise high 
above the clouds at over 600 miles per 
hour (965 kilometers per hour). 

Most airliners have turbofan engines, 
powerful enough to lift a payload of 400 
tons (363 metric tons) or more. Each 
engine of a Boeing 747, for example, 
generates about 50,000 pounds (22,700 
kilograms) of thrust—about the same as 
the two engines of an F-15 fighter. Four 
engines provide insurance against 
engine failure, but modern engines are 
so powerful and reliable that many 
modern airliners, such as the Boeing 
777, make do with two. 

Commercial airplanes with piston or 
turboprop engines are still used, too. 
Propeller planes, although slower than 
jet planes, are quieter and cheaper to 
run. They can also take off and land 
from small airports. 
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Private airplane owners fly light air- 
planes, carrying between two and ten 
people, for business and pleasure. U.S. 
manufacturers, such as Beech, Cessna, 
and Piper, have built many of the 
world’s most successful light aircraft. 
Modern business planes, with jet 
engines, carry five to ten passengers, 
and they cruise at much the same speeds 
as jet airliners. 


A Multimillion-Dollar Industry 
Commercial aviation is a huge global 
industry worth billions of dollars. New 
airports continue to be built, and exist- 
ing airports are enlarged to cope with 
the growing number of flights. This 
growth puts strain on local communities 
and on air traffic control. 

Commercial aviation also entails 
environmental costs. Airplane fuel 
(made from petroleum) is expensive. 
Commercial airplanes have significant 
environmental impact, such as engine 
noise and air pollution. In addition, 
environmental scientists say emissions 
from jet engines are contributing to the 
greenhouse effect and the consequent 
change in the world’s climate. 

Air routes link the large cities of the 
world to each other, and increasing 
numbers of flights fly to vacation desti- 
nations beyond large cities. The busiest 
airways are across North America, 
between North America and Europe, and 
between European cities. Other impor- 
tant air routes link South America, the 
Middle East, Africa, Japan, China, India, 
and Australia. 


THE LARGEST AIRLINERS 


The largest airliners are the Boeing 
747-400 and the Airbus A380. 


Boeing 747-400 
Wingspan: 211 feet (64.3 meters) 


Eo a E O 
Takeoff weight: 875,000 pounds 
(397,250 kilograms) 


Airbus A380 

Wingspan 261.6 feet (79.8 meters) 
E a E T) 
Takeoff weight: 1,235,550 pounds 
(560,000 kilograms) 





Today’s airline industry is extremely 
competitive. Budget airlines offer low 
fares and no-frills service to attract pas- 
sengers. Famous names of commercial 
aviation, such as Pan Am, have been 
replaced by budget airlines, such as 
JetBlue Airways and Southwest Airlines. 
Airline travel, once reserved for the 
wealthy, has changed with the develop- 
ment of air tourism and the increasing 
number of leisure travelers. 


SEE ALSO: 
e Aerospace Manufacturing Industry 
e Airport è Airship ° Boeing 


e Concorde ¢ Flying Boat and 
Seaplane œ Future of Aviation 
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n experimental aircraft is one 
At is designed to try out new 

ideas and investigate unknown 
areas of flight. It may have been 
designed to fly faster or higher than 
existing types. It may have been built to 
test a new wing shape, control system, 
or engine. Experimental aircraft, often 
identified as X-planes, sometimes look 
unlike any airplane flown before. 

Many experimental aircraft are 
intended for military use. The military is 
constantly looking for new ideas, per- 
haps to combat a new threat or to take 
advantage of a new technology. Civil 
airliners, cargo planes, and light aircraft 
change less dramatically. 

Every new aircraft is to some degree 
experimental, no matter how much test- 
ing and computer simulation has been 
done. The preflight design stage and 
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ground test program may last several 
years, but the moment of truth comes 
when a test pilot flies a new airplane for 
the first time. Sometimes, experimental 
craft succeed beyond expectations. A 
new production line of airplanes may 
follow. Others are failures. The history of 
aviation is littered with planes that 
crashed the first time they were flown. 
Yet even a failure has its uses, because 
good designers can learn from mistakes. 


Pioneers of 

Experimental Flight 

The early pioneers of flight found out by 
trial and error what worked and what 
did not. In 1890 Clément Ader of France 
built a steam-powered airplane. It was a 
failure, but it showed other designers 
that steam engines were too heavy for 
use in airplanes. 

Experiments sometimes cost lives. In 
1899, British engineer Percy Pilcher was 
killed when his glider crashed shortly 
before he was due to test an airplane 
with an engine. Had he survived, 
Pilcher might have beaten the 
Wright brothers by making the 
first powered, controlled flight in 
an airplane. 

In 1901, American experimenter 
Samuel Pierpoint Langley tested a 


© This multiplane, photographed in 1911, 
was based on designs by Horatio Phillips 
and had 110 narrow wings. Although his 
designs appeared eccentric, Phillips's experi- 
mental aircraft increased knowledge of 
aerodynamics and successful wing shapes. 
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model airplane. Encouraged by its 
performance, he built the full-size 
Aerodrome. The plane crashed into the 
Potomac River, not once but twice, on 
December 7 and 8, 1903. Nine days later 
the Wrights’ Flyer took to the air at Kitty 
Hawk, North Carolina. 

Many pioneer airplanes look strange 
to modern eyes. Some planes of the 
1910s and 1920s were “pushers” (their 
propellers faced backward); others were 
“tractors” (the propellers faced forward). 
Throughout this period, there were 
experiments with biplanes (with two 
wings), triplanes (with three wings), and 
multiplanes (with many wings). 

In the 1930s, experimenters sought 
higher speed with monoplanes that had 
single wings, sleek metal bodies, and 
more powerful engines. The first rocket- 
powered airplane flew in Germany in 
1928. By 1940 the German Project X 
produced the DFS 194, an experimental 
rocket plane that led to the Me-163 
rocket plane of World War I. As the war 
began in Europe, the first experimental 
jet planes roared into the skies, starting 
in 1939 with the German Heinkel 178. 


Strange Shapes 

The 1940s and 1950s were decades of 
more experimentation, as designers tried 
out new wing shapes and jet engines. 
The 1947 Northrop YB-49 had no fuse- 
lage or tail plane. It was just a curved 
wing, with engines, fuel tanks, and crew 
compartment inside the flying wing. 
This airplane looked so unusual that 
some people claimed they had spotted a 


PIGGYBACK PLANES 


Several designers experimented with 
the idea of one aircraft carrying 
another. In the 1930s, engineers tried 
out the idea with a small seaplane 
fixed on top of a flying boat. The fly- 
ing boat took off before releasing its 
passenger craft to fly on alone. The 
idea was to extend the seaplane's 
range for mail flights by saving fuel 
on takeoff. A similar idea was tried 
in 1948 by the US. Air Force. A tiny 
‘parasite’ fighter was hooked to 
the underside of a bomber. The 
McDonnell XF-85 Goblin fighter 
managed the risky maneuvers of 
launching and rehooking onto the 
bomber several times before the 
project was canceled. NASA revived 
the piggyback idea in the 1970s for 
ferrying Space Shuttles across the 
country on the back of a Boeing 747. 


© Space Shuttle Atlantis rides piggyback 
on a Boeing 747 known as the Shuttle 
Carrier Aircraft (SCA). 
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UFO or flying saucer. The Northrop 
designers also tested a smaller flying 
wing, the XP-79B. It was supposed to 
destroy enemy bombers by slicing 
through their tails. It flew once, for 15 
minutes, in 1945; the pilot reported it 
was uncontrollable. 

Other oddities included Convair’s F2- 
Y1 Sea Dart (1953), the only jet fighter 
with water skis, which enabled it to take 
off and land on water. Unfortunately, it 
needed almost a mile of water to take 
off. Hiller’s Pawnee of 1955—officially 
named the Experimental Ducted Fan 
Observation Platform—looked like a 
table lifted by air jets. A soldier could 
ride on top of it and fly around the 
battlefield. It never caught on. 

Much experimenting went into mak- 
ing planes that would not need long 
runways at airfields. In 1954 Convair 
tested the turbo-prop XFY-1, which was 
nicknamed “Pogo.” This plane rested on 
its tail, facing straight up, for takeoff. 
The tail-sitting design was tried again in 
the Ryan X-13 Vertijet of 1955. The 
British went for a more conventional, 
horizontal position in the Short SC-1 


and Hawker P-1127. These experiments 
in the 1960s led to the production of the 
Harrier V/STOL (vertical/short takeoff 
and landing) jet fighter. 

Another strange shape was the 1980s 
Sikorsky X-Wing. This took off like a 
helicopter, but its X-shaped rotors func- 
tioned as fixed wings, making the X- 
Wing capable of faster forward flight. 


Research Flying 

From the 1940s to the 1960s, U.S. engi- 
neers built a series of research airplanes 
to explore supersonic flight. These craft 
included the Bell X-1, Bell X-2, Douglas 
Skyrocket, and X-15—all were record 
breakers. Their flights helped engineers 
design supersonic jet fighters and 
manned spacecraft. The British Fairey 
Delta 2 (FD-2) set a world airspeed 
record of over 1,000 miles per hour 
(1,609 kilometers per hour) in 1956. The 
small FD-2 had the same delta wings 


@) The U.S. Air Force began flying the CV-22 
Osprey in 2006. The Osprey has tilting prop 
rotors, which allow it to take off and land like 
a helicopter but fly like an airplane. 
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SECRET EXPERIMENTATION 


Research flying is often secret. Developed in secret between 1975 and 1982 by 
Lockheed for the U.S. Defense Advanced Research Agency, the F-117 Nighthawk was 
in U.S. Air Force service years before it was revealed to the public. 

Phantom Works, a project division of McDonnell Douglas (now part of Boeing), 
tested a different aircraft, the Bird of Prey, from 1996 to 1999. Termed an “invisible 
airplane, the Bird of Prey was hard to detect because of Its shape, the way It was 
painted, and stealth specifications similar to those of the F-117. 


©) An F-117 Nighthawk drops a guided bomb unit during testing over Utah in 2000. 


and drooping nose made familiar by 
Concorde in the 1980s. 

Not all experimental airplanes fly 
higher or faster. The Altus is a civilian 
version of the military Predator, a U.S. 
drone used after 2000 in wars in 
Afghanistan and Iraq. Altus carries 
scientific instruments to sample the 
atmosphere, flying at only 80 miles per 
hour (129 kilometers per hour), but it is 
able to stay in the air for up to 24 hours. 
The Proteus airplane can also stay in the 
air for up to a day. It is designed by Burt 





Rutan, innovative designer of Voyager, 
an airplane that flew nonstop around 
the world (in 9 days) in 1986. Rutan also 
produced SpaceShipOne, the world’s 
first successful private spacecraft. 


SEE ALSO: 
e Bell X-1 è Concorde ¢ Engine 
e Glider è Jet and Jet Power ¢ Kitty 


Hawk Flyer e Rocket ¢ Wright, 
Orville and Wilbur 
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ilitary aircraft are the airplanes 
NI helicopters used by the 

world’s military forces. They 
are used for combat and for other 
military operations, including carrying 
supplies and troops, reconnaissance, 
training, and search and rescue. 

In the United States all branches of 
the military (not just the U.S. Air Force) 
use aircraft. The United States has the 
world’s most powerful air force, and 
the U.S. Navy, Army, Marine Corps, and 
Air National Guard also have their own 
aircraft. Other major air forces include 
those of Russia, China, the United 
Kingdom, and France. Canada does not 
have a separate air force but has the 
Canadian Forces Air Command (AIRCOM) 
within the unified Canadian Forces. 


Air Warfare Begins 
The first aircraft used in warfare was the 
tethered balloon. It was used for obser- 
vation, rising above battlefields so 
observers could get a view of the action 
below. The balloon was later developed 
into the airship, and airships were also 
used by the military for observation. 
The first gasoline-powered military 
airplanes were known as scouts because 
reconnaissance (flying on missions to 
gather information) was their chief pur- 
pose. Other uses were soon found for 
military airplanes. They dropped bombs, 
fired at enemy ships, and shot down 
enemy aircraft. Special airplanes, most- 
ly biplanes, were built for these tasks. 
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O An observation balloon rises above the 1862 


Battle of Fair Oaks, fought in Virginia during 
the American Civil War (1861-1865). Balloons 
such as this one were the first military aircraft. 


The first air combat took place dur- 
ing World War I (1914-1918). Pilots 
shot at one another with pistols, shot- 
guns, and machine guns. The next step 
was to attach a machine gun, which the 
pilot aimed at an enemy, to the airplane 
itself. By 1915 fighter planes had been 
developed with synchronized machine 
guns that fired bullets between the 
whirling propeller blades. Celebrated 
fighter pilots, known as aces, created 
successful air fighting tactics. 

By the end of World War I, there 
were two main types of military air- 
plane. Fighters flew at around 125 miles 
per hour (200 kilometers per hour) at 
heights of up to 22,000 feet (6,700 
meters). Larger, heavier bombers flew 
more slowly, around 100 miles per hour 
(160 kilometers per hour), but they 
could fly for up to 8 hours. 
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In the 1930s the agile biplane was 
replaced by the much faster monoplane. 
This new kind of aircraft had an 
enclosed cockpit, a streamlined metal 
body, and a high-performance engine. 
Fighter planes such as the German 
Messerschmitt Bf 109 and Curtiss P-40 
had a top speed of over 350 miles per 
hour (563 kilometers per hour). Bombers, 
such as Boeing’s B-17, were slower at 
around 280 miles per hour (450 kilo- 
meters per hour), but they could fly for 
2,000 miles (3,220 kilometers). The 
bombers carried 6,000 pounds (2,725 
kilograms) of bombs that could be 
dropped accurately on city targets. 


€) (From left) An A-10 Thunderbolt II, F-86 
Sabre, P-38 Lightning and P-51 Mustang fly in a 
flight formation during an air show at Langley 
Air Force Base, Virginia, on May 21, 2004. The 
formation displayed four generations of U.S. Air 


Force fighters. 





THE VERACRUZ INCIDENT 


The first military operation involving 
U.S. airplanes was during the 
Veracruz Incident, a disoute between 
the United States and Mexico that 
began in April 1914. Five Curtiss 
flying boats were carried into the 
Mexican port of Veracruz by US. 
naval ships. The aircraft flew mis- 
SIONS to Serena or a mines n the 
harbor. On May 6, 1914, the airplane 
flown by Lieutenant Patrick N. L. 
Bellinger (1885-1962) was shot at 
from the ground by Mexican forces. 
This was the first time that a US. 
military plane was hit by enemy Tire 
while on active service. Bellinger 
Survived and went on to become a 
distinguished admiral. 
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World War II 

Farsighted military experts, including 
Colonel Billy Mitchell of the U.S. Army, 
predicted that the bomber plane would 
hold the key to victory in any future 
war. This forecast proved to be deadly 
accurate. At the beginning of World War 
II (1939-1945), the German Luftwaffe 
(air force) blasted its way across Europe 
in blitzkriegs (meaning “lightning wars”) 
that overran Poland, Holland, Belgium, 
and France. 

The major air battle of World War II 
was the Battle of Britain (1940), in 
which British Spitfires and Hurricanes 
went into combat against Germany’s 
Messerschmitts. Superiority in the air 
helped the Allies win invasion battles 
in North Africa, Sicily, and France. 
Allied bombers, meanwhile, pounded 
German factories and cities. 

In 1941, Japan used carrier-based 
airplanes to bomb the U.S. naval base at 
Pearl Harbor, bringing the United States 
into World War II. Later sea battles in 
the Pacific were won by U.S. naval air- 
planes rather than by the navy’s ships. 
Key U.S. warplanes included fighters 
such as the P-51 and bombers such as 
the B-24, of which 18,000 were built 
(more than any other World War 
II bomber). The surrender of Japan in 
1945 came after U.S. bombers dropped 
two atomic bombs that devastated the 
cities of Hiroshima and Nagasaki. 

World War II also saw the first use 
of important new aviation technology, 
including radar, long-range rockets, 
cruise missiles, and jet planes. The first 
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TECHATALK 


AIRCRAFT DESIGNATION 


Aircraft types are designated by a 
system of letters and numbers. The 
first letter Indicates the aircraft's 
type or role. F indicates a fighter 
plane, while H stands for helicopter. 
The number after the first letter indi- 
cates an aircraft's place in develop- 
ment history. After the F-7 Tigercat, 
for example, came the F-8 Bearcat 
and then the F-9 Panther. A second 
letter indicates a later, usually 
improved model. Ihe F-14 Tomcat 
began life as the F-14A (1972): later 





models were the F-14B and F-14D. 
Some of the military aircraft desig- 
nations are: 


A attack 

bomber 
transportation 
electronic warfare 
fighter 

helicopter 
observation 
trainer 

utility 
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jet in combat was Germany’s Me-262. 
With a speed of almost 550 miles per 
hour (885 kilometers per hour), it was 
much faster than a_propeller-driven 
fighter. The first American jet fighter to 
enter service was the XP-80 Shooting 
Star, first flown in January 1944. 
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The Cold War 

In 1947 the U.S. Air Force became an 
independent service, free of U.S. Army 
control. After World War IJ, jets rapidly 
replaced propeller aircraft in the world’s 
major air forces. The first U.S. super- 
sonic fighter was the F-100 (1953). By 
1958 the F-104 could exceed 1,400 miles 
per hour (2,253 kilometers per hour). 

The mid-1940s to the 1970s was the 
period of the Cold War, when the United 
States confronted a hostile Soviet Union. 
Both sides set out on an arms race that 
included producing new warplanes. 
Changes in design of this period included 
the introduction of delta, sweptback, 
and swing-wing wing shapes. Other 
developments included the first V/STOL 
(or jump jet), more powerful engines, 
and new radars and missiles. Ejection 
seats were invented to allow a pilot to 
escape from a damaged airplane, even at 
high speed and great heights. 

Both the United States and the Soviet 
Union developed giant bombers 
able to fly nonstop for 10,000 miles 
(16,090 kilometers). The biggest U.S. 
bomber was the B-36 (1946). Such 
bombers were designed to carry 
nuclear bombs and guided missiles. 
Planes also had to counter missile 
attacks—the first U.S. missile built 
to shoot down enemy planes was 
the Nike-Ajax of the early 1950s. 
Some military experts argued that 
bombers were obsolete (out of date) 
and that guided missiles would replace 
the piloted airplane. Strategic nuclear 
weapons systems were indeed developed, 


using land-based and submarine- 
launched missiles. The piloted bomber 
did not disappear, however, and the 
B-52 is still in service today, more than 
fifty years after its first flight. 


Modern Military Aircraft 
Most aircraft used by the U.S. military 
today are jet planes. There are super- 
fast spy planes—the Mach 3 SR-71A, for 
example—and enormous cargo planes 
designed to carry heavy loads, such as 
the C-5 Galaxy. Not all military aircraft 
need pilots. Drones, or unmanned air 
vehicles, are directed from the ground. 
The main strike force of an air force 
is its bombers. The U.S. Air Force has the 
B-52, B-1B, and B-2 “stealth” bomber. 
Some planes designated as fighters, such 
as the F-117, are in fact ground attack 
aircraft that drop guided bombs and 
other weapons. Another effective air- 
craft is the A-10 Thunderbolt, which is 
heavily armed to support ground troops. 





©) An F-15E Strike Eagle is guided into an 
aircraft hangar during a blizzard in Alaska in 
December 2006. 
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Electronic warfare planes can jam 
enemy communications and defense 
systems. Planes called Airborne Warning 
and Control Systems (AWACS) act as air- 
borne command centers. 

The fastest planes now in service are 
multipurpose airplanes such as the F-15 
Eagle, first flown in 1972 to combat the 
Soviet MiG-25. A recent version is the 
F-15E, which weighs 81,000 pounds 
(36,775 kilograms). The F-15 flies at 2.5 
times the speed of sound and carries 
bombs, electronic jamming devices, guns, 
and guided missiles of various kinds. 

Instead of weaving about the sky in 
dogfights like a World War II pilot, the 
modern pilot fights at long range. A mil- 
itary airplane is flown with the aid of 
computers. A visual display gives pilots 
a virtual reality image of the sky or 
battlefield and helps them detect and aim 
missiles at a target many miles away. 


Most airplanes leave a radar trace, 
especially at very high speed. To evade 
radar, warplanes can fly at low levels 
to slip under the radar screen. Some 
high-tech aircraft, known as stealth 
planes, are designed to have a reduced 
radar profile, making them almost invis- 
ible to a hostile radar tracking system. 


Helicopters 

One of the most useful military aircraft 
is the helicopter. Developed toward the 
end of World War II, helicopters were 
used in the Korean War (1950-1953) and 
the Vietnam War (1954-1975). They 
have been used in all conflicts since. 


€) A U.S. Navy Seahawk helicopter lands to 
rescue wounded civilians during an aid mission 

to Aceh, Sumatra, after a huge tsunami struck 
Southeast Asia in December 2004. Helicopters are 
used in places where other aircraft cannot land. 
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Helicopters can land combat troops, 
carry weapons and supplies, evacuate 
wounded, and fly around a battlefield to 
Support ground troops and destroy 
tanks. Helicopters rescue air force pilots 
shot down over enemy territory as well 
as civilians in trouble on land or off- 
Shore. Naval helicopters may take off 
from the decks of naval ships to carry 
out reconnaissance and anti-submarine 
patrols and to attack enemy ships. 


Transportation 

The aircraft used by the military to carry 
troops and equipment are known as 
transports. Some transports are huge. 
The U.S. Air Force’s biggest transport is 
the C-5 Galaxy; only slightly smaller 
is the C-141 Starlifter. During the Gulf 
War (1990-1991), the U.S. Air Force air- 
lifted more than 577,000 tons (523,340 
metric tons) of supplies and nearly 
500,000 personnel over distances of up 
to 7,000 miles (11,260 kilometers) to the 
Middle East combat zone. 


G Military 
transports, such 
as the giant 
C-141 Starlifter 
shown here, are 
large enough to 
carry big, heavy 
equipment— 
even tanks. 


The C-130 Hercules is used on shorter- 
range missions. This sturdy four-engine 
turboprop transport has been around 
since 1954. One of its jobs is to drop 
paratroops, but it also flies as a heavily 
armed “gunship.” To extend their range, 
many military airplanes can be refueled 
in the air by flying tankers, such as the 
U.S. Air Force’s KC-10. 

Military airplanes provide trans- 
portation wherever people are in danger 
or in trouble. They fly emergency aid to 
the victims of hurricanes, earthquakes, 
and other natural disasters. They evacu- 
ate civilians from war zones. They bring 
food, medicines, tents, and other sup- 
plies wherever there are floods, famines, 
or fighting. 


SEE ALSO: 
e AWACS e Bomber œ% Fighter Plane 


e Helicopter ¢ Missile è Radar 
e Stealth 
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n aircraft carrier is a warship 
Å to carry airplanes. It is also 
a floating airfield: aircraft can 
take off and land on aircraft carriers. 


Aircraft carriers have been nicknamed 
flattops for their long, flat decks. 


History of Carrier Flying 

The first vessel to carry any form of air- 
craft was a coal barge. The George 
Washington Parke Custis was converted 
during the American Civil War 
(1861-1865) to carry observation bal- 
loons for the Union Army. Experiments 
in naval aviation began before World 
War I. In 1910 Eugene Ely piloted a 
plane from a platform built on the deck 
of the cruiser USS Birmingham. In 1911 
Ely successfully pioneered a system used 
to land airplanes on carrier decks when 
he landed on the deck of the battleship 
USS Pennsylvania. In 1918 U.S.-born 
Stuart Culley, flying with the British 
Royal Navy, made the first combat take- 
off from a moving ship (a converted 
barge towed by a British warship). He 
climbed to a height of 18,000 feet (5,485 
meters) and shot down a German 
Zeppelin airship. 

The U.S. and British navies began 
converting more ships to carry air- 
planes. In 1918 the British modified a 
merchant ship into a carrier, HMS 
Argus. The U.S. Navy’s converted coal 
ship USS Langley launched its first 
fighter plane in 1922. The navy then 
gained two converted battle cruisers, 
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Lexington and Saratoga, in 1927. The 
USS Ranger was built in 1934 as the first 
purpose-built flattop. 

The planes flown from early carriers 
were biplanes, such as the Boeing F3B-1 
of 1928. Some aircraft were fighters, 
while others were designed to carry 


HELLCAT 


The Grumman F6F-3 Hellcat entered U.S. 
Navy service in 1943. A single-seat 
carrier-based fighter, Its top speed was 
376 miles per hour (605 kilometers per 
hour). The Hellcat was armed with six 
Browning 0.5-inch (12.7-millimeter) 


machine guns. During World War Il, U.S. 
Navy ace pilot David McCampbell shot 
down thirty-four enemy planes from his 
Hellcat, including nine on a single mis- 
sion over Leyte Gulf on October 23, 1944. 


An F6F Hellcat prepares for takeoff from the 
deck of the aircraft carrier USS Yorktown 
during World War Il. 
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torpedoes or bombs. Faster monoplane 
fighters came into service in the late 
1930s. New carrier aircraft had adap- 
tations such as hydraulically operated 
folding wings. These wings were first 
tried on the Douglas TBD Devastator 
(1935), the U.S. Navy’s first carrier- 
based monoplane torpedo bomber. 


Aircraft Carriers at War 

The Japanese navy built a number of air- 
craft carriers, gaining experience in their 
use during the nation’s war with China 
that began in 1937. Japanese carriers led 
the attack on the U.S. naval base at Pearl 
Harbor in December 1941 that brought 
the United States into World War II. 
The U.S. Navy’s Pacific Fleet’s carriers, 
which were at sea at the time, escaped 
damage in this attack, and their aircraft 
went on to help the United States win the 
key Pacific air-sea battles of the war. In 
April 1942 the first U.S. air raid on the 
Japanese capital of Tokyo was made by 
B-25s launched from the USS Hornet. 





After World War II, heavier, faster 
jets came into naval service. The first jet 
aircraft to land on an aircraft carrier was 
a British De Havilland Vampire, which 
touched down on the HMS Ocean in 
December 1945. The first U.S. jet plane 
to operate from an aircraft carrier soon 
followed, when a McDonnell FH-1 
Phantom flew from the USS Franklin D. 
Roosevelt in July 1946. U.S. Navy jets 
saw combat for the first time during the 
Korean War, when a Grumman F9F-2 
Panther shot down an enemy MiG-15 jet 
fighter on November 9, 1950. 

New aircraft carriers had angled 
flight decks and steam catapults to help 
land and launch the new generation of 
airplanes. The U.S. Navy’s first carrier 
with an angled flight deck was the USS 
Antietam (1953). The Navy’s first 
nuclear-powered aircraft carrier was the 
Enterprise (1960). 

From 1964 onward, naval air power 
played an important part in the Vietnam 
War. McDonnell F-4 Phantom jets, 


© The U.S. Navy's 
Nimitz-class carriers have 
angled deck landing areas, 
visible here on the USS 
Harry S. Truman. The 
angle allows aircraft that 
are unable to stop before 
the end of the landing 
area to become airborne 
again for another try 
without the risk of hitting 
anything on deck. 
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flying from the USS Midway, scored the 
first combat victories against MiG-17 
fighters in June 1965. Carrier-based 
aircraft also took part in the Gulf War of 
1991 and the Iraq War of 2003. 


Onboard an Aircraft Carrier 
A carrier is controlled from a tall struc- 
ture, similar to an airfield control tower, 
known as the island. The island is on the 
starboard (right) side of the ship, leaving 
most of the deck clear for airplanes. 

A carriers airplanes are usually 
stored on the hangar deck, from where 


QO Steam-powered catapults are used to launch 
fighter planes from the deck of the aircraft 
carrier USS Theodore Roosevelt. 
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they are raised to the flight deck by an 
elevator. Aircraft may also be parked on 
the flight deck. The wings of many car- 
rier planes can be folded to save space. 

Specialized airplanes, such as the 
tilt-rotor V-22 Osprey and the AV-8B 
Harrier jump jet, have V/STOL (short 
for vertical/short takeoff and landing) 
capability, which makes them especially 
useful for ships. Fast jets, such as 
the Navy’s F-14 Tomcats and F/A-18 
Hornets, are launched by catapult to 
boost their speed for takeoff from the 
short aircraft carrier deck. 

The carrier heads into the wind when 
planes are taking off or landing so that 
the force of the wind provides extra lift. 
Some naval aircraft have extra large 
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wing flaps to give the pilot good control 
at slow speeds. Some, such as the F-14, 
have variable-geometry wings. The pilot 
takes off and lands with wings in the 
extended position for slow flying, then 
moves the wings to the backward posi- 
tion for supersonic flight. 

Landing on a carrier can be tricky for 
a naval pilot, even with modern radar 
and computer aids. There is a lot of 
ocean and only a narrow strip of flattop 
to aim for. As the plane touches down, a 
tailhook on its underside catches in one 
of four steel cables stretched across the 
deck, bringing it to a stop quickly. This 
device, essential to landing on an air- 
craft carrier, is called an arresting gear. 
Planes usually land on an angled land- 
ing section of the deck, situated on the 
port (left) side of the ship, so they can 
take off again if they miss the cables. 


©) The tailhook of a landing aircraft is poised to 
catch an arresting cable. 


Carriers Today 

Aircraft carriers are the biggest ships in 
the U.S. Navy. Today’s nuclear-powered 
carriers are able to travel up to 1 million 
miles (1.6 million kilometers) without 
refueling. Other countries operate air- 
craft carriers, too, although some of 
these are medium-sized ships operating 
only helicopters or V/STOL jets that can 
take off from a short “ski-jump” ramp 
and land vertically. 


SEE ALSO: 
e Aircraft, Military ¢ Bomber 


e Fighter Plane ¢ Helicopter ¢ VTOL, 
V/STOL, and STOVL © World War HI 
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very part of an aircraft has been 
F carefully designed by one or more 
aircraft designers. The materials 
used and the shapes of aircraft have 


changed over the years, but the impor- 
tance of design remains the same. 


Four Aspects of 
Aircraft Design 
There are four main subjects an aircraft 
designer must understand before an air- 
craft can be designed: aerodynamics, 
propulsion, materials and structures, and 
stability and control. 

Aerodynamics is the scientific study 
of how air flows around an airplane. 
Propulsion is all about engines, which 
provide the thrust to move an airplane 
through the air. Materials and structures 
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cover what an airplane is made from 
and how it is built. Stability and control 
are concerned with how an aircraft flies 
and how its flight is controlled. 

The shape and size of an aircraft 
depend on what it is designed to do. In 
other words, form follows function. 
Airliners have to be big enough to carry 
a certain number of passengers and their 
luggage. Fighter planes have to be small, 
highly maneuverable, and well armed. 
Cargo planes have to be large and pow- 
erful enough to carry huge weights of 
cargo, and they need big doors for load- 
ing and unloading their cargo easily. 


Speed and Design 

One of the most important decisions to 
make is how fast a new aircraft will fly, 
because this affects its shape and the 
engine power it needs. It may also affect 
the choice of materials 
from which a plane will be 
built. Aircraft speeds are 
divided into bands that 
cover the slowest to the 
fastest: low speed, medium 
speed, high speed, super- 
sonic, and hypersonic. 
These speed bands are also 
known as regimes of flight. 


G The C-5 Galaxy transport 
plane is the U.S. Air Force's 
largest aircraft. It was designed 
specifically to accommodate huge 
cargo, such as this container 
being loaded at an air force 

base in Delaware. 
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An airplane designed to fly well at 
very high speeds is not generally good at 
flying slowly, so the designer must 
choose which is more important. Some 
aircraft have to perform well at both low 
speeds and high speeds, however. One 
way of achieving this is to make the 
plane change shape. The F-14 Tomcat 
and Tornado fighter bombers have 
wings that stick straight out to the side 
at low speeds but then swivel back as 
the plane goes faster. These aircraft are 
variable geometry, or swing-wing, 
planes. Swing-wing planes are not very 
common, because the machinery that 
moves the wings adds extra weight to 
the aircraft. 


The Design Process 

A new aircraft must satisfy a particular 
need. Designers could produce all sorts 
of amazing designs for new aircraft, but 
if the aircraft are not needed, airlines or 
air forces will not buy the planes. The 
design for the Boeing 747 jumbo jet, 
for example, was produced when Pan 
American Airlines expressed a need for 
a new airliner that could carry up to 
400 passengers. 

In the early years of aviation, aircraft 
were built from very accurate drawings 
on paper. There was a drawing for every 
part of an aircraft and more drawings to 
show how they fit together. Every design 
goes through many changes before an 
airplane is built, and, before computers, 
every change needed new drawings. 
When the Boeing 747 was designed in 
the 1960s, 75,000 drawings were needed! 





Today, aircraft are designed with the 
help of computers. With computer-aided 
design (CAD), a designer can create a 
3-D drawing, or model, of every part of 
a plane. The parts can be turned around 
on the screen and seen from every direc- 
tion. The way they fit together with each 
other can be checked on the computer 
screen, too. Computer models of parts 


FLOATING AIRCRAFT 


Some aircraft designs are very pop- 
ularo 2 Whilewrana, therigihey 
disappear. Between the 1920s and 
1940s, there were a lot of seaplanes, 
or aircraft that can land on water. 
Many seaplanes land and rest on 
floats on the water. A flying boat Is a 
Seaplane with a watertight hull, like 
a boat. These aircraft were popular 
in the period when there were few 


runways, especially outside Europe 
and the United States. 


The big flying boat airliners 
disappeared because they could 
not match the new generation 
of airliners that came along after 
World War Il (1939-1945), such as 
the Lockheed Constellation. Small 
Seaplanes are still used today in 
places such as northern Canada and 
Alaska. In these remote places, with 
a lot of water to land on and few 
runways, seaplanes still offer the 
best way of getting around. 
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can be redesigned to try out different 
ideas without having to make the actual 
parts for tests. This way of working 
Saves a lot of time and money. 
Computer simulations are also used 


© X-planes are experimental aircraft built for 
many different purposes. The X-45, seen here in 
2003, is an unmanned combat air vehicle devel- 
oped by Boeing's Phantom Works design team. 
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G Researchers at NASA's Langley 
Research Center in Hampton, Virginia, 
test the prototype X-48B aircraft in a 
full-scale wind tunnel in 2006. 


to do some of the testing that 
actual models were used for in 
the past. Computer programs, 
for example, can simulate (or 
copy) the effect of air flowing 
around a plane. Computers 
cannot test everything, how- 
ever, So wind tunnel tests with 
models are still carried out. 

Sometimes a new design is 
so different from existing aircraft that 
the only way to find out if it really 
works is to build it and fly it. In the 
United States, a series of experimental 
planes, or X-planes, have been built to 
test new aircraft designs of all sorts. The 
X-1 was the first supersonic airplane. 
The X-plane series also includes the X- 
15, a rocket-powered space plane, and 
the X-45, a plane without a pilot. 
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Eventually, a prototype is built for all 
new aircraft, experimental or not. Every 
new design for an aircraft must undergo 
a series of test flights before it is deliv- 
ered to the buyer. Designers have to 
make sure that the aircraft flies exactly 
as they intended. Flight tests for the 
Boeing 747 jumbo jet used five aircraft 
for ten months. They were in the air for 
more than 1,500 hours. 

When an airplane is designed and 
manufacturing begins, the design 
process does not stop. The first Boeing 
747, the 747-100, went into service in 
1970. By that time, work had already 
begun on a new jumbo jet, the 747-200. 
This model could carry more fuel and fly 
farther. The revised model led to the 
747-300, which could carry more 
passengers. Then the biggest and most 
powerful 747 of all, the 747-400, was 
developed. There were cargo-carrying 
versions of the 747, too. In total, fifteen 
designs of the 747 have been built. 


Major Aircraft Designers 

Many of the designers and engineers 
who designed and built their own air- 
planes in the early days of aviation went 
on to start aircraft manufacturing com- 
panies of their own. As soon as the 
Wright brothers had designed a success- 
ful airplane, they set up a company to 
sell the original model and later designs. 
Other designers did the same. 

Many of these pioneering names 
have disappeared now. The companies 
went out of business or were taken over 
by rivals, but a few still exist. Famous 


SKUNK WORKS 


Skunk Works Is a legendary name In 
aircraft design. It is a small team of 
designers who specialize in produc- 
ing very advanced aircraft. Part of 
the airplane manufacturer Lockheed 
Martin, Skunk Works produced the 
high-flying U-2 spy plane and the 
SR-71 Blackbird spy plane. The 
Blackbird holds the official world air 


Speed record of 2,193 miles per hour 
(3,529 kilometers per hour)—nearly 
four times the speed of a Boeing 
747. Most planes would actually 
melt if they tried to fly that fast. The 
Skunk Works also produced the 
F-117 Nighthawk, a military aircraft 


that Is very hard for an enemy to 
detect. The F-117 Is often wrongly 
referred to as the ‘stealth fighter,” 
but it is not a Tighter, because It was 
not designed for combat with other 
aircraft. The F-117 is a ground attack 
plane—a small bomber intended to 
attack heavily defended targets. 


© The SR-71 Blackbird is a Skunk Works 
product that holds the official world air 
speed record. 
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aircraft designers and aeronautical engi- 
neers who started U.S. companies 
include Glenn Curtiss, Jack Northrop, 
Donald Douglas, and Igor Sikorsky. 
William Boeing started an aiplane 
manufacturing company in the United 
States in 1916. Today, Boeing is the 
world’s biggest aircraft manufacturer, 
employing more than 150,000 people. 

In other countries, early aircraft 
designers include Hugo Junkers and 
Willy Messerschmitt in Germany; 
Geoffrey De Havilland in Britain; Louis 
Bleriot in France; and Pavel Sukhoi, 
Artem Mikoyan, and Mikhail Gurevich 
in Russia. (Mikoyan-Gurevich planes are 
better known as MiGs.) 
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Reginald J. Mitchell's prize-winning 
Supermarine aircraft design was the basis for 
the British Spitfire fighter plane of World War Il. 
This Spitfire stands as a monument in the Battle 
of Britain Memorial Park in the United Kingdom. 


In the early days of flight, advances in 
aircraft design were often helped along 
or speeded up by prize competitions. 
Newspapers, aviation organizations, and 
wealthy people offered trophies and 
large cash prizes to aviators who could 
build aircraft that would win races and 
make historic flights. 

Between 1913 and 1931, seaplanes 
competed for the Schneider Trophy. The 
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last three races were won by 
planes designed by Reginald 
Mitchell. When Britain needed 
a new fighter plane before 
World War II, Mitchell used 
his experience in designing 
racing planes to produce one 
of the most famous fighters 
of the war, the Spitfire. 

Charles Lindbergh made 
the first solo nonstop flight 
across the Atlantic Ocean in 
1927 to win the Orteig Prize. 
Lindbergh’s airplane was a 
standard Ryan M-2 airplane 
that was specially redesigned 
with bigger wings and extra 
fuel tanks for the long- 
distance flight. 

The Gossamer’ Condor 
won the first Kremer Prize in 
1977 for the first human-powered plane 
(using pedals) to fly a figure-eight 
course. In 1979 the Gossamer Albatross 
won the second Kremer Prize for the first 
human-powered flight across the 
English Channel in Europe. A third 
Kremer Prize, awarded for speed in a 
human-powered plane, was won in 1984 
by a plane named the Monarch B. 

Air races are still held today, but now 
they are more for sport and entertain- 
ment than to encourage advances in 
design. Some aircraft, however, are still 
specially designed to win prizes. The 
first privately developed space plane, 
SpaceShipOne, was designed by Burt 
Rutan to win the $10 million Ansari-X 
Prize in 2004. Rutan also designed the 





© Burt Rutan, speaking here at a 2005 
conference, is an innovative and prize-winning 
aerospace designer and engineer. He specializes 
in energy-efficient aircraft and unusual designs. 


Voyager airplane for the first nonstop 
round-the-world flight in 1986. He went 
on to design the Virgin Atlantic Global 
Flyer plane for the first solo, nonstop, 
round-the-world flight in 2005. 


SEE ALSO: 
e Aerodynamics © Blériot, Louis 
e Boeing ° Control System ¢ Curtiss, 


Glenn ¢ Engine e Materials and 
Structures ¢ Stability and Control 
e Supersonic Flight 
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ll large cities and many smaller 

ones have an airport, a place 

where passenger and cargo air- 
craft can land and take off. Airports are 
important transportation hubs. Civil air- 
ports are run as businesses, although 
they are often owned by governments, 
especially the larger facilities. There are 
also military airfields, which function as 
airports for armies, navies, and air forces. 


In the United States, the Federal 
Aviation Administration (FAA) classifies 
airports into two main categories: com- 
mercial service and general aviation. A 
commercial service airport handles air- 
liners on all routes: short commuter 


A a 
A 
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trips, internal regional flights, national 
flights across the United States, and 
international flights to and from other 
countries. Commercial service airports 
also operate as cargo airports, where air- 
freight comes in and out. 

A commercial service airport per- 
forms two main functions. First, it must 
make sure that airplanes land and take 
off safely. Second, it needs to handle 
passengers and cargo smoothly and rap- 
idly. Airports have facilities to process 
passengers and baggage through ticket- 
ing, check-in, security, and departure 
and landing procedures. They also have 
areas for freight handling and storage. 


€) A cargo plane is loaded at night. As well as 
serving passengers, commercial service airports 
handle huge amounts of airfreight every day. 
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©) The loading apron at Chicago's O'Hare 
International Airport is a busy place. Here, 
baggage and supplies are shown being loaded 
onto passenger planes getting ready to depart. 


General aviation airports have either 
no scheduled passenger flights or small 
numbers of them. They handle all other 
kinds of airplanes—business, charter, 
and privately owned—except military 
flights. (Military airplanes usually use 
their own airfields.) A small general avi- 
ation airport handles light aircraft, such 
as single-engine private planes, while a 
larger one can also manage executive 
jets. General transportation airports, the 
biggest kind of general aviation airport, 
can handle a large airliner. 

Most large U.S. airports are owned by 
city, county, or state governments or 
public corporations. Small airports are 
often privately owned. While most large 
airports are miles away from downtown, 
small airports in city centers can handle 





V/STOL (short for vertical/short takeoff 
and landing) airplanes and helicopters. 
A landing area built specially for heli- 
copters is sometimes called a heliport. 


Airport Areas 

Airports have fuel stores and hangars, 
which are like giant garages for air- 
planes. Hangars are also workshops in 
which aircraft can be serviced or 
repaired between flights. Other areas of 
the airport include the aircraft parking 
area, or loading apron. Here, a plane is 
refueled, and airport workers load cargo, 
baggage, and supplies. 

Airports that handle passengers have 
passenger terminals of various sizes. 
Airports lease space to airlines for 
offices, ticket counters, and baggage 
areas. They also rent space to restau- 
rants, stores, car rental agencies, and 
other businesses within the airport. 

The airport management may also 
run parking lots. Most big airports have 
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huge parking zones around the airport 
for short-stay and long-stay parking and 
for car rentals. 

Large airports have separate cargo 
terminals for incoming and outgoing 
cargo. Airfreight often needs quick, 
careful handling, because it may include 
delicate equipment or foods and flowers 
that spoil quickly. Many airliners use big 
cargo planes with wide-opening doors 
into which containers and packages are 
loaded from forklift trucks and elevated 
loading bays. Security is strict, because 
airfreight often includes such high-value 
items as bank bonds or gold. 


Control Towers and Runways 
The nerve center of a larger airport is the 
control tower. Air traffic controllers use 
radar, computers, and radio to direct the 
movement of airplanes in and out of the 
airport and on runways. The design and 
layout of runways is regulated by the 
government and by the International 
Civil Aviation Organization, to which 
most nations belong. 

Early airplanes were light enough to 
land on a grass airfield. Modern passen- 
ger and cargo planes are so heavy that 
they need hard runways, constructed of 
concrete or tarmacadam. Because most 
modern jet planes need a lot of space to 
take off and land, runways have become 
longer, and airports now take up a lot 
of ground. 

A typical airport today has a single 
main runway, often over 13,000 feet 
(3,960 meters) long. The runway must be 
long and wide enough for the largest 


78 


WIND FACTORS 


Aircraft usually land and take off 
into the wind. For this reason, older 
airports had three or four runways, 
arranged in the shape of a triangle 
Or box, so aircraft could land and 
take off no matter which direction 
the wind was blowing. Modern air- 
planes are So powerful that they are 
less affected by wind, and a modern 
alroort can often operate efficiently 
with just one main runway. It may 
need extra runways, however, to 
cope with the number of passengers 
and amount of air cargo. 





planes flying into the airport to take off 
and land safely. A runway has a clear 
Space at each end in case a pilot requires 
extra distance when taking off or land- 
ing. Numbers on or beside the runway 
identify it by compass direction. For 
example, on a north-south runway, the 
numbers are 18 (short for 180°) at the 
north end, and 36 (short for 360°) at the 
south end. White lights mark the edges 
of the runway, and green lights are 
placed where the runway starts. There is 
an additional set of red and white 
approach lights, which pilots see as they 
prepare to touch down. 


The Growth of Airports 
As air travel has grown more popular, 
some airports have grown so large that 
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they resemble small cities. A very large 
international airport, or primary hub, 
usually covers between 1.5 and 5 square 
miles (3.9 and 13 square kilometers). 
Some occupy much more space. The air- 
port that occupies the most land is King 
Khalid International Airport in Riyadh, 
Saudi Arabia, which covers more than 
80 square miles (207 square kilometers). 
Most airports are located away from 
the centers of cities, partly because they 
need so much space for their runways, 
but also because of noise. Aircraft are 
noisy, and flights over residential dis- 
tricts or at night may be limited. Good 
highways, together with rapid transit 
systems, are essential for a large airport 
to work efficiently. These road and rail 
networks move passengers and freight 
to and from airports, but they are also 
necessary to transport the thousands of 
workers who keep airports running. 


Airport Traffic 

Airports may be ranked in terms of 
number of flights or number of passen- 
gers. Most U.S. airports handle more 
domestic flights than international 
flights. The busiest airport in the world 
is Hartsfield-Jackson in Atlanta, 
Georgia, which handles more than 84 
million passengers each year. Atlanta is 
closely followed by O’Hare International 
in Chicago, with 76 million passengers. 
The world’s busiest airport for interna- 
tional travel is Heathrow in London, 
England, with about 60 million interna- 
tional arrivals and departures each year. 
The airport that handles the most inter- 
national passengers in the United States 


C Denver International Airport in Colorado is, 
geographically, the largest airport in the United 
States. It covers an area of 53 square miles 
(137 square kilometers). 





7 > 





el Al v AZ VAIA IA Cy (SAS 


a nti st i 
ean A pate y s 


d 
“ws 


ads Jee 


s 


PNE: 


cod 


E 
ws * 
eel OXY 


nS ae er 


me = ee 
n mi a lg K N a an 


he 


— 


—i E D 
A - 


-pa _ 
n Kad 
Sae T 


79 


(c) 2011 M.E. Sharpe, Inc. All Rights Reserved. 


\ 
rt fg er ~<a) 


e 


- A 
m "a 
J “OR oe “> oO - ds f = se , | . 
~ r i ewe < n 


ee | 


AIRPORT 


THE WORLD'S BUSIEST AIRPORTS 


Rank Airport 


Atlanta Hartsfield-Jackson (Georgia) 


Annual Number of 
Passengers (2006) 


84.8 million 





Chicago O'Hare International (Illinois) 





76.2 million 





London Heathrow (United Kingdom) 








Tokyo Haneda (Japan) 





Los Angeles International (California) 





67.5 million 
65.2 million 
61.0 million 








Dallas/Fort Worth International (Texas) 








60.0 million 





Paris Charles de Gaulle (France) 





Frankfurt (Germany) 





56.8 million 
52.8 million 








Beijing Capital International (China) 





Denver International (Colorado) 


is John F. Kennedy International in New 
York City. New York has two interna- 
tional airports—Kennedy, or JFK, and 
Newark. Tokyo, Japan, also has two 
international airports operating from its 
capital city—Haneda and Narita. 
Heathrow, Gatwick and Stansted airports 
offer passengers international flights 
from London, England. 

The busiest cargo airport in the 
United States is Memphis International 
in Tennessee. It handles over 2.87 mil- 
lion tons (2.6 million metric tons) of 
freight a year. Most airfreight going 
through Memphis is transported by 
FedEx, the international courier service. 


Passenger Procedures 


Passengers entering an airport must 
check in with their airline. On many 
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48.5 million 
47.3 million 





international flights, check-in time may 
be two or more hours before takeoff 
because of growing security measures 
at the world’s airports. 

At the check-in desk, passengers’ 
baggage is weighed and labeled. Each 
passenger is allocated a seat in the plane 
and given a boarding pass. Baggage is 
checked by machines and security per- 
sonnel before being loaded into the 
baggage hold of the airplane. Security 
became a Serious issue in the 1970s after 
a number of attempts by terrorists to 
hijack airliners. Even tougher security 
came into force at airports after the ter- 
rorist attacks of September 11, 2001. All 
airlines now impose strict regulations on 
what air travelers are allowed to carry, 
especially in small hand baggage taken 
into the cabin. 
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At the airport, passengers pass 
through security gates before 
boarding their plane. Security 
checks involve body scanning 
and X-rays of all hand baggage. 
Passengers may be asked to 
remove shoes, belts, and metal 
objects before they pass through 
the electronic scanning gates. 
Security officers make sure no 
weapons or explosives get on 
board the plane. 

Passengers move through into 
a departure zone to wait for their 
flight. In large airports, they may 
ride from the main terminal to a smaller 
satellite terminal on a shuttle bus, 
monorail, or electric vehicle. While they 
wait, passengers can usually eat or shop 
in the airport facilities. They can check 
their departure information on monitors 
(each airline flight has a number to 
identify it). 


Departure and Arrival 
When their flight is announced, passen- 
gers make their way to one of the num- 
bered boarding gates. From the gate, 
most passengers walk directly to the air- 
plane doors along an enclosed bridge. At 
small airports, they may walk across the 
apron and climb steps to enter the cabin. 
After all the passengers are seated 
on board, the pilot waits for air traffic 
control to give the signal for takeoff. 
When told to move into position, the 
pilot uses lanes called taxiways to move 
the plane from the airport terminal onto 
the runway. 





©) A Homeland Security officer uses a dog 
to check air passengers for dangerous items. 


As one aircraft takes off, another is 
usually preparing to land. Once a plane 
has landed, it moves off the runway 
onto the loading apron to unload its 
passengers and cargo. Passengers collect 
their bags from a baggage reclaim area, 
where the bags from each flight are 
delivered on conveyor belts. 

Before leaving the airport, passengers 
who enter a country on an international 
flight must go through the additional 
step of being cleared through immigra- 
tion and customs. These government 
departments control the movement of 
people and goods into their countries. 


SEE ALSO: 
e Air Traffic Control è Aircraft, 


Commercial è Pilot 
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Airship 


n airship is a lighter-than-air 
A craft that can be propelled, like a 
balloon with an engine. An air- 
ship also has a rudder and fins for steer- 
ing. Some airships have rigid sides, 
while others are soft until filled with gas, 


like a balloon. Airships were used in the 
first controlled, powered flights. 


The First Airships 

Before airships were invented, people 
had developed balloons for air travel. 
Balloons, however, are not steerable, and 
they drift with the wind. In the nine- 
teenth century, aviators tried to build 
balloons that could be controlled. 


LIGHTER-THAN-AIR 


Aircraft classified as lighter-than-air 
(LTA) do not themselves weigh less than 
alr. The total weight of the aircraft when 
it IS flying, however, Is less than the 
weight of the air it displaces. This qual- 


ity gives It buoyancy, or the ability to 
rise and Stay afloat. Airships achieve this 
lighter-than-air state because they are 
filled with gas that is lighter than the air 
around them. Hot air, hydrogen, and 
helium have less density than the air. If 
the balloon of an airship is filled with 
these or other lighter-than-air gases, it 
will rise In the air and remain afloat. 
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©) In 1910, American journalist and explorer 


Walter Wellman made a failed attempt to cross 
the Atlantic Ocean in his airship America, shown 
above. The airship went down, and the crew had 
to be plucked out of the ocean by a steamship. 


French inventor Henri Giffard 
(1825-1882) built the first airship in 
1852. He constructed a cucumber- 
shaped balloon 144 feet (44 meters) 
long. The only engine available at the 
time was a steam engine. Suspended 
beneath the balloon was a platform on 
which Giffard fixed a small steam 
engine that he designed himself to make 
it as light as possible. The engine drove 
a propeller, which pushed the airship 
along at 5 miles per hour (8 kilometers 
per hour). In this airship, Giffard flew 
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for 17 miles (27 kilometers). His airship 
had no way of turning in flight, unfor- 
tunately, because it had no steering 
mechanism. 

Charles Renard and Arthur Krebs 
addressed this drawback in 1884. Their 
airship, La France, had an electric motor 
plus a rudder and elevator for steering. 
The inventors proved their airship’s 
superiority by flying a circular course 
over Paris, which no balloon could do. 
This airship was known as a dirigible, 
from a French word meaning “steer- 
able.” The name dirigible came to be 
used for airships in general. 

Other airships soon took to the skies. 
In 1888, Dr. Karl Wolfert of Germany 
tested the first airship powered by a 
gasoline engine—an engine already 
being tested in early automobiles. 


Rigid Airships 
Early airships were all nonrigid, which 
meant that their balloons collapsed 
without gas inside. An all-metal airship, 
called Metallballon, was tried in 
Germany in 1897, but it flew only once. 
The next big step forward in airship 
design came in 1900. German engineer 
Ferdinand von Zeppelin built a rigid air- 
ship that kept its shape with or without 
gas inside it. It had a strong internal 
frame, or skeleton, made of metal gird- 
ers and wires. A fabric skin stretched 
over the frame. Inside were gas bags, 
known as ballonets, that were filled with 
hydrogen gas to lift the airships, which 
soon became known as Zeppelins, into 
the air. 


BLIMPS 


The 1884 La France was not rigid: 
it was simply a bag of gas, like a 
balloon, with a cabin and engine 
fastened beneath. Without gas to 
inflate It, the airship became limp. In 
1917, American sailors gave the 
nickname blimp, short for “B-limp,- 
to the U.S. Navy's B-class, nonrigid 
airships. The blimps were 160 feet 
(48.8 meters) long and had a speed 
of 45 miles per hour (72.4 kilometers 
per hour). The U.S. Navy continued 
to use blimps until the 1960s. Non- 
rigid airships are still called blimps. 
Modern blimps, usually carrying 
advertising logos, are sometimes 


seen flying over cities. These aircraft, 
because they can remain fairly still, 
also make useful platforms in the 
Sky for television and film cameras. 
Blimps are popular, too, for tourist 
flights over city landmarks. 


©) The Goodyear blimp is a familiar sight 
over some U.S. cities. 
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Zeppelin’s first rigid Luftschiff 
Zeppelin, LZ-1, flew well, and the 
Germans went on to build bigger rigid 
airships to carry passengers on regular 
flights. The Zeppelin Deutschland began 
the world’s first commercial airship pas- 
senger flights in 1909. It seemed that 
airships might dominate aviation. 


World War I and Beyond 
During World War I (1914-1918), 
Germany built a fleet of more than sixty 
Zeppelins. The airships were used to 
patrol European waters and to drop 
bombs on London and other cities in 
England. The airships were a little slow- 
er than the fighter planes of the time. By 
flying high, however, they made it diffi- 
cult for fighter pilots to catch them. 
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©) The airship Akron was one of the U.S. Navy's 
two giant helium airships in the 1930s. Seen here 


flying over Manhattan Island in New York City, 
the Akron went down in a storm in 1933. 


The first Zeppelin shot down in air 
combat was LZ-37, in June 1915. While 
bombing the French town of Calais, this 
airship was attacked by a British plane. 
The pilot flew above the Zeppelin and 
dropped six bombs; the sixth bomb 
exploded. The airship caught fire and 
plunged to the ground. The British pilot, 
Flight Sub-Lieutenant Reginald A. J. 
Warneford, became a national hero, but 
he was killed twelve days later when his 
airplane crashed. 

After World War I, airships stayed in 
the news. In 1919, the British airship 
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R-34 flew across the Atlantic Ocean 
from Scotland to New York (July 2-6 ) 
and then back to England (July 9-13). 
In 1926, the Italian-built airship Norge 
—with Roald Amundsen as one of its 
passengers—flew over the North Pole. 
Amundsen had been the first explorer 
to reach the South Pole, in 1911. 


Disasters 

The first airship filled with helium was 
the Goodyear C7 (1921). Helium is safer 
than hydrogen, because it does not burn 
in air and cause explosions. Helium 
became standard on U.S. airships, for 
example the Shenandoah (1923). 
Accidents still occurred, usually caused 
by bad weather. Airships did not fly 
high enough to travel above a storm, 
and their slow speed made them diffi- 
cult to control in high winds. The 
Shenandoah was destroyed in a storm 
over Ohio in 1925. The British R-101 
crashed over France in 1930 on its first 
flight to India, killing forty-eight of its 
fifty-four passengers and crew. After 
this crash, Britain abandoned its airship 
program. 

The U.S. Navy ordered two Goodyear 
rigid airships that used helium, the 
Akron (1931) and the Macon (1933). 
The Akron carried 207 people in 
November 1931, a record for an airship. 
These eight-engine airships were flying 
aircraft carriers—each was equipped to 
carry four small fighter planes. The two 
were identical in size: 785 feet (239 
meters) long, and they were the largest 
airships operated by the United States. 


GRAF ZEPPELIN 


Gas capacity: 3,708,040 cubic feet 
(105,000 cubic meters) 

Length: 776 feet (236.6 meters) 
Speed: about 68 miles per hour 
(about 110 kilometers per hour) 


The most successful passenger airship 
was the German Graf Zeppelin, which 
was named for Ferdinand von Zeppelin 
(Graf, meaning "Count," was von 
Zeppelin's title). Between 1928 and 1937 
the airship carried more than 13,000 
passengers without a single accident. 
Whenever it flew low over a city, excited 
crowds gathered to see the long, gray- 
colored shape pass slowly overhead. In 
1928, piloted by Hugo Eckener, the Graf 
Zeppelin set a record by cruising almost 
4000 miles (6,436 kilometers). In 1929, 
it flew around the world in 21 days, 5 
hours, and 31 minutes. The journey, cov- 
ering a distance of approximately 20,000 
miles (about 32,000 kilometers), began 
and ended at Lakehurst, New Jersey. 
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Ligh 





ODA vast CargoLifter airship was photographed while in development inside one of the world's largest 


aircraft hangars in Briesen-Brand, Germany, in 2001. The hangar is big enough to hold the Eiffel Tower 


and the Statue of Liberty lying side by side. 


Both giant airships were wrecked in 
accidents within two years of entering 
service, however. The Akron went down 
during a storm in the Atlantic Ocean in 
1933, killing seventy-three men. Two 
years later, in February 1935, the Macon 
crashed into the Pacific Ocean. 

The Zeppelins and most other big air- 
ships were filled with hydrogen gas. 
Hydrogen gas gives more lift than other 
gases, but it catches fire easily when 
mixed with air. Although hydrogen was 
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known to be dangerous, its lightness 
and cheapness made it attractive to air- 
ship designers. 

The German airship Hindenburg, 
sister ship of the Graf Zeppelin, began 
passenger flights between Germany and 
the United States. On May 6, 1937, the 
Hindenburg exploded and caught fire 
while docking at Lakehurst, New Jersey. 
The cause was the ignition of the hydro- 
gen gas by sparks. Of the ninety-seven 
people on board, thirty-five were killed. 
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The terrible end of this great aircraft 
destroyed passengers’ faith in airship 
travel. Commercial use faded as airships 
were replaced by airplanes. 


The Present and Future 

Some use of airships has continued. 
Graf Zeppelin was briefly used during 
World War II by the Germans, but it was 
scrapped in 1940. The U.S. Navy contin- 
ued to use airships into the 1960s. 
In 1960 one of its airships flew for 95 
hours and 30 minutes without landing 
or refueling once. 

Today, airships are flown mostly for 
fun or for publicity and media work. 
There is growing interest, however, in 
new kinds of airships using modern 
technology. With modern materials and 
helium gas, a new generation of airships 
would be safe, efficient, and able to 
carry cargo and passengers for very 
long distances. Cruising at low level, an 
airship can provide spectacular views 
for passengers more interested in 
scenery than fast flight times. 

Airships are also environmentally 
friendly. They use less fuel than air- 
planes, and they are quiet. Airships do 
not require airports with runways. Their 
main disadvantage is their slow speed. 
Hindenburg (the fastest airship) had a 
top speed of only 84 miles per hour (135 
kilometers per hour). The largest airship 
currently flying, Spirit of Dubai, a 
Skyship 600 design, is limited to 50 
miles an hour (80 kilometers an hour). 
Another disadvantage is that airships 
cannot fly high enough to cross the 


highest mountain ranges, such as the 
Rocky Mountains in North America or 
the Himalayas in Asia. 

Current interest in airships focuses 
on their potential use as floating 
telecommunications centers or as trans- 
portation for heavy cargo. A German 
airship project called CargoLifter pro- 
poses to carry payloads of about 165 
tons (150 metric tons) at a height of 
6,560 feet (2,000 meters) for several 
thousand miles. About the same size as 
the Graf Zeppelin and Hindenburg, this 
modern airship can carry three times the 
payload of those earlier aircraft, because 
it is much lighter when unloaded. The 
CargoLifter is semi-rigid, and, instead of 
a heavy metal frame like a Zeppelin’s, it 
has a strong lengthwise keel, like a ship. 
The keel holds the cargo bay, flight 
deck, crew quarters, and engines. 

Aircraft designers are also working 
on hybrid craft that combine airship and 
airplane. Such aircraft would need a 
takeoff run to get airborne, like most 
airplanes. They would also generate 
some lift from their shape as well as 
from the gas inside them. For maximum 
lift, a hybrid airship would have an effi- 
cient aerodynamic shape, such as a disk 
or an aerofoil (flying wing). The airship 
of the future might well look like the 
flying saucer of science fiction. 


SEE ALSO: 


e Aerodynamics ¢ Balloon œ Future 


of Aviation ¢ Hindenburg 
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Alcock, John, and 
Brown, Arthur 
Whitten 


Dates of birth: Alcock: November 6, 
1892; Brown: July 23, 1886. 

Places of birth: Alcock: Manchester, 
United Kingdom; Brown: Glasgow, 
United Kingdom. 

Died: Alcock: December 18, 1919; 
Brown: October 4, 1948. 

Major contribution: Flew the first 
nonstop flight across the Atlantic 
Ocean, 1919. 

Awards: Alcock: Distinguished 
Service Cross and Knight Commander 
of the British Empire; Brown: Knight 
Commander of the British Empire. 


the large English city of Manchester 

and trained to become an auto 
mechanic when he finished school. His 
employer encouraged the young Alcock 
in his interest in airplanes. Alcock was 
then hired by French aviator Maurice 
Ducrocq to be a mechanic. Ducrocqg 
taught him how to fly, and Alcock 
obtained a pilot’s license at age twenty. 


Je Alcock was raised just outside 


Prisoners of War 

When World War I began in 1914, 
Alcock joined the Royal Naval Air 
Service. At first, he was a flight instruc- 
tor, but he soon became a pilot. In 
Europe in 1917, Alcock shot down two 
German planes, for which he won a 
Distinguished Service Cross. Later the 
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Same day, on another mission, his own 
plane suffered engine trouble. Alcock 
was forced to crash land in Germany 
and was captured. He remained a 
German prisoner until the war ended in 
November 1918. 

There were some striking similarities 
in the early lives of Alcock and Brown 
even though their beginnings were dif- 
ferent. Arthur Whitten Brown was born 
to American parents in Scotland, part of 
the United Kingdom. His family then 
moved to Manchester, where Alcock was 
raised. Trained as an electrical engineer, 
Brown became interested in aviation 
and joined the Royal Flying Corps early 
in World War I. Brown was shot down 
over Turkey in 1915 and he lived as a 
prisoner of war for two years. 


Preparing for the Flight 
Meanwhile, in 1913, the British news- 
paper the Daily Mail had offered a large 
cash prize to the first person or team to 
fly a plane across the Atlantic Ocean. 
Efforts to win the prize were interrupted 
by the war, but pilots became interested 
again when the war was over. 

Alcock—now out of the service— 
hoped to win the prize. In 1919 he 
contacted Vickers, a British aircraft 
company, to enlist its support. Vickers 
officials agreed to supply an airplane. 
Soon after, Arthur Brown visited the 
Vickers offices looking for a job. He 
agreed to join the venture as Alcock’s 
copilot and navigator. 

Vickers chose the Vimy aircraft for 
the flight, an airplane the company 
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had designed as a bomber for use in the 
war. Vickers gave Alcock and Brown the 
thirteenth Vimy it had made. 

The Vimy was a biplane made most- 
ly of wood with fabric covering the 
wings and body. The airplane was about 
55 feet (17 meters) long and had a 
wingspan of 68 feet (20.7 meters). The 
Vimy carried two engines, made by 
automaker Rolls-Royce, that could fly 
for about 100 hours without needing 
service. These highly reliable engines 
were one reason the Vimy was selected 
for the trip. 

The team made three adjustments to 
the plane. All military equipment was 
taken off, and extra fuel tanks were 





©) John Alcock (lefð and Arthur Brown (right) 
were photographed on July 1, 1919, two weeks 
after their historic flight. 


added. In addition, the cockpit was 
widened so Alcock and Brown could sit 
side by side. 

After some test flights, the plane was 
partly taken apart to be shipped to 
Canada. There, it was reassembled and 
made ready to fly, but Alcock and 
Brown had to wait through a period of 
poor weather before beginning their 
journey. On June 14, 1919, after several 
days of rain and snow, the men finally 
took off. They left from an airfield near 
St. John’s, Newfoundland and carried 
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coffee, sandwiches, and candy for 
refreshment and toy cats as mascots. 


The Flight Across the Atlantic 
The two made good time, aided by a 
tailwind that helped push them along. 
Nevertheless, they had many difficulties. 
The airplane flew in dense fog for most 
of the flight, making it impossible for 
Brown to use his navigational instru- 
ments to track their position or chart a 
course. Unable to see, Alcock had no 
idea where he was in relation to the 
water below. Once, they broke through 
the clouds to find themselves danger- 
ously close to the surface of the ocean, 
and Alcock had to climb quickly. 
Storms posed a problem as well. 
Alcock and Brown flew through sleet 
that chilled them in their open cockpit. 


The icy rain also froze the instrument 
that told the plane’s speed. Not knowing 
how fast they were going hampered 
Brown’s efforts to plot their position. Ice 
coated the sides of the plane for many 
hours. Some accounts of the flight say 
that Brown climbed out on the wings to 
clear off the ice, but he never claimed to 
have done so. 

Communication became impossible 
during the flight. The radio they carried 
gave out soon after taking off. Later, the 
two phones they used to speak to each 
other over the roar of the engines also 


€) Alcock and Brown's Vimy aircraft was photo- 
graphed after its crash landing in an Irish bog 

on June 15, 1919. The Vimy was recovered and 
given to the Science Museum in London, England, 
where it is still on display. 
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stopped working. After that, they relied 
on hand signals and written notes. 

About 15 hours after leaving the 
coast of Newfoundland behind them, 
Alcock and Brown believed they were 
nearing their destination in Ireland, but 
they could not be sure. Soon after, they 
spotted land. Seeing what appeared to 
be an open field, Alcock guided the air- 
plane down. The landing was gentle, but 
what they thought was a grassy field 
was really a bog (an area of wet, spongy 
ground). The front of the plane sank in 
and tipped forward, causing damage. 
Alcock and Brown were unhurt, however. 

Alcock and Brown had landed near 
Clifden, Ireland. Remarkably, they were 
only about 60 miles (96 kilometers) from 
their intended landing spot. They had 
flown about 1,900 miles (3,060 
kilometers) in approximately 17 hours. 
The historic first crossing of the Atlantic 
Ocean by plane was complete. 


After the Flight 

Alcock and Brown were instantly hailed 
as heroes. The Daily Mail held a banquet 
in their honor, and King George V 
received them at Windsor Castle and 
awarded both pilots a knighthood. 
Vickers offered Alcock and Brown jobs 
for the rest of their lives. 

Later in 1919, Alcock flew an exper- 
imental seaplane for Vickers across the 
English Channel to France. Thick fog 
caused his aircraft to crash, and the 
impact killed him. 

Brown lived nearly thirty more years 
after Alcock’s death. He worked for 


RE-CREATED FLIGHTS 


In 2005 two fliers repeated Alcock 
and Brown's legendary flight. Pilot 
Steve Fossett and copilot and navi- 
gator Mark Rebholz flew a Vimy that 
was a reconstruction of the original 
plane. Fossett and Rebholz took oft 
from Newfoundland on July 3. They 
tried to follow faithfully the original 
flight path. Fossett flew the plane 
at low speeds of 75 miles per hour 
(121 kilometers per hour). Rebholz 
used only the type of navigational 
equipment that Brown had used on 
his flight. On July 4, 18 hours after 
takeoff, the airplane landed on a golf 
course in Ireland. The same replica 
aircraft was then used to repeat 
two other historic flights that had 
taken place in a Vimy: the first 
England-to-Australia flight of 1919 
and the first England-to-South 
Africa flight of 1920. 





Vickers and then for an engineering 
company until World War II began. 
In 1939 Brown rejoined the military to 
train pilots in the British Royal Air 
Force. He died in 1948. 


SEE ALSO: 


e Biplane ¢ Bomber ¢ Navigation 


e Pilot e World War I 
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Altitude 


Ititude means the height above 

a certain surface or level. Air 

temperature and air pressure 
fall with increasing altitude. In aviation 
especially, altitude is measured from the 
ground at sea level. 


Why Altitude Is Important 

Altitude is important in aviation for sev- 
eral reasons. Aircraft need to fly at a 
minimum altitude that enables them to 
safely clear obstacles on the ground. 
Every aircraft also has a “flight ceiling,” 
or maximum altitude at which it may 
fly. This ceiling is determined by the 
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aircrafts capabilities and by whether or 
not it has a pressurized cabin. 

Large airliners, such as the Boeing 
747 jumbo jet, cruise at altitudes from 
about 28,000 feet (8,530 meters) to 
41,000 feet (12,500 meters). The big jets 
fly at standard altitudes called flight 
levels. The last two zeroes of a flight 
level are usually left out, so an altitude 
of 37,000 feet (11,280 meters) is known 
as Flight Level 370 to a pilot. 


€) Pilots use their pressure, or barometric, 
altimeter while in flight to monitor their height 
above mean sea level. They report their altitude 
to other pilots and to air traffic controllers on 
the ground to avoid collision. 


PE 7 
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ALTITUDE 


An important reason to measure alti- 
tude is to avoid collision with another 
aircraft. Aircraft must maintain vertical 
distance from each other to prevent 
accidents when they are flying in the 
Same area. For airplanes traveling below 
29,000 feet (8,840 meters), the standard 
vertical separation is 1,000 feet (305 
meters). Aircraft above 29,000 feet 
(8,840 meters) maintain a vertical dis- 
tance of either 1,000 feet (305 meters) or 
2,000 feet (610 meters). 

To stay safe from collision, it is 
essential that all pilots are measuring 
altitude compared to the same level. 
Otherwise, two planes flying at the same 
altitude—but one flying over a hill while 
the other is over lower ground—would 
register different altitudes but, in reality, 
be in danger of colliding. To avoid this, 
aircraft in flight measure their altitude 
compared to a reference point called 
mean sea level (MSL). Charts and maps 
used by pilots show the heights of 
mountains and high ground as heights 
above mean sea level. 


Measuring Altitude 

Aircraft use an instrument called an 
altimeter to measure altitude. Airplanes 
have two different types of altimeters. 
The pressure altimeter measures a 
plane’s altitude above mean sea level. As 
an airplane climbs higher in the atmos- 
phere, the air pressure falls. Measuring 
the air pressure shows how high the 
plane is. A pressure altimeter, or baro- 
metric altimeter, is accurate to within 
about 20 feet (6 meters). 


MEASURING ALTITUDE 
WITH SATELLITES 


Airliners fitted with satellite naviga- 
tion can use it to measure altitude. 
Radio signals received from naviga- 
tion satellites are used to measure 


the distance between the plane and 
the satellites. (The positions of the 
satellites used are precisely known.) 
Signals received from three satellites 
enable a plane to determine Its posi- 
tion on a map. Adding a signal from 
a fourth satellite also enables the 
plane to figure out Its altitude. 





As an airplane descends for landing, 
however, it is more important to know 
its height above the ground than its 
pressure altitude. The radio altimeter is 
Switched on when a plane descends 
below 2,500 feet (762 meters). The 
altimeter aims radio waves at the ground 
and measures the time it takes for them 
to reach the ground and travel back up 
to the airplane. It uses the measurement 
to calculate the distance between the 
plane and the ground. The radio alti- 
meter can measure a plane’s height 
above the ground to within about 2 feet 
(0.61 meters). 


SEE ALSO: 


e Air and Atmosphere ¢ Pressure 
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Apollo Program 


pollo was the name given to a 
A price launched by the United 

States to fly astronauts to the 
Moon, land them, and return them safe- 
ly to Earth. The spacecraft built for the 
project were also named Apollo. The 
name comes from Greek and Roman 
mythology—Apollo was the god of light, 
of healing and medicine, and of poetry 
and music. 


The Political Background 

Project Apollo involved a series of 
spaceflights to increase knowledge of 
the Moon and of manned spaceflight. 
The program was carried out at great 
speed and high cost in the 1960s. Many 
people doubted it would succeed. 

In 1961, President John F. Kennedy 
announced to the U.S. Congress that the 
United States should aim to land astro- 
nauts on the Moon before 1970. At that 
time, the United States was in competi- 
tion with the communist federation of 
nations then called the USSR, or Soviet 
Union. The Soviet Union had launched 
the first Earth satellite (Sputnik 1) in 
1957, and in 1959 it had sent three 
unmanned Luna spacecraft to the Moon. 
Luna 2 crashed onto the Moon’s surface, 
while Luna 3 flew around the Moon to 
photograph its far side, never before 
seen on Earth. The Soviet Union had 
clearly taken the lead in what the media 
called the space race. 

U.S. space scientists knew the Soviets 
were capable of launching heavy 
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©) One of the first human marks on the Moon 
was made by the boot of astronaut Buzz Aldrin 
on July 20, 1969. 


manned spacecraft using powerful 
booster rockets developed for the Soviet 
Union’s military missile program. The 
Soviets put the world’s first astronaut, 
Yuri Gagarin, into Earth orbit in April 
1961. They followed this historic space- 
flight with a 25-hour flight by Gherman 
Titov in August 1961. Many experts 
predicted that the Soviets would land on 
the Moon within a year or two. 

Project Apollo was America’s answer 
to that challenge. The program went 
ahead despite skepticism from some 
scientists that manned exploration of 
the Moon was too risky and not worth 
such a vast expenditure of time, money, 
and expertise. 


The Plan 
Founded in 1958, the National Aero- 
nautics and Space Administration 
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(NASA) was responsi- 
ble for the U.S. space 
program. NASA con- 
sidered a number of 
options for a Moon 
flight. The plan that 
they selected involved 
sending three astro- 
nauts toward the 
Moon, placing their 
craft in orbit around 
the Moon, and then 
detaching part of the 
spacecraft for landing. 
The parts of the space- 
craft would then link 
up again before the 
astronauts’ return to 
Earth. For the launch, 
NASA ordered the 
largest U.S. rocket 
launcher available, a 
Saturn V. 

The Apollo space- 
craft would have three 
modules, or sections: 
the command module 
(CM), service module 
(SM), and lunar mod- 
ule (LM). During the 
flight, the astronauts 
would travel in the 
command module. The 
service module held 
equipment, supplies, 
and a rocket-powered 
engine. Only the lunar 
module would land on 
the Moon. 


APOLLO PROGRAM 


TECH & TALK 


SATURN V AND THE APOLLO 11 SPACECRAFT 
The huge Saturn V rocket that 


took Apollo 11 Into space 
weighed 5.8 million pounds 
(2.6 million kilograms). It stood 
363 feet (110.6 meters) high. The 
rocket had three stages. The first 
and second stage took the 
Spacecraft up Into orbit around 
Earth, while the third stage sent 
the spacecraft traveling toward 
the Moon. The five first-stage 
engines burned liquid oxygen 
and kerosene. The five second- 
Stage engines burned liquid 
oxygen and nitrogen. The third- 
Stage engine burned liquid oxy- 
G E A S e O 
flight, Saturn V burned about 
528,000 gallons (about 2 million 
liters) of fuel. 

The Apollo 11 spacecraft 
weighed about 103,000 pounds 
(46,762 kilograms) at launch. 
The cone-shaped command 
module Columbia was 12 feet 
(3.7 meters) high. The cylinder- 
Shaped service module stood 22 
feet (6.7 meters) high. The lunar 
module, the Eagle, was 21 feet 
(6.4 meters) high. It weighed 
29,983 pounds (13,612 kilo- 
grams). The lunar module had 
two engines: one for descent 
and one for leaving the Moon. 
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APOLLO PROGRAM 


Mercury and Gemini 
Even before President Kennedy made his 
challenge, NASA had launched Project 
Mercury. The project took the first 
American, Alan Shepard, into space on 
May 5, 1961, but he did not orbit Earth. 
After a second suborbital flight in 1961 
by U.S. astronaut Virgil “Gus” Grissom, 
the first orbital flight by a U.S. astronaut 
was made by John Glenn on February 
20, 1962. Three more Mercury flights 
followed, testing various aspects of 
spaceflight and increased flight time. 
NASA's next program was Project 
Gemini, designed to address some of the 
challenges faced in taking people to the 
Moon. NASA had chosen an option that 
would involve a rendezvous, or steering 
two spacecraft near each other. It would 
also require docking, which meant join- 
ing the two spacecraft together. None of 
this had been done before, and the steer- 
ing and navigation techniques needed to 
perform the tasks had never been tested. 
In 1965 and 1966, ten manned 
Gemini missions tested several new 
Space techniques. Gemini 3 had the first 
on-board computer used by astronauts. 
Ed White became the first American to 
“walk” in space when he left the safety 
of Gemini 4 and floated in space 
attached by two cords. Gemini 6 and 
Gemini 7 achieved the first rendezvous 
when they met up in December 1965. 
The astronauts on Gemini 7 stayed in 
space for two weeks, showing that it was 
possible for people to survive long 
enough to travel to the Moon and back. 
On March 16, 1966, Gemini 8 performed 
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the first docking of two space vehicles in 
orbit. The docking was performed by 
Neil Armstrong, who would be the com- 
mander of Apollo 11. All the Gemini 
flights contributed vital knowledge and 
experience to Project Apollo. 


Apollo Begins 

The next step was the Apollo program 
itself. Launched in 1967, the program 
began with a disaster. Apollo 1 was 
being prepared for launch when, on 
January 27, 1967, its three-person crew 
climbed into the command module to 
perform a systems test on the ground. 
During the tests, a fault in the wiring 
started a fire. The module had been 
flooded with pure oxygen, which caused 
the fire to spread in an instant. 
Astronauts Ed White, Gus Grissom, and 
Roger Chaffee were trapped inside, 
unable to open the hatch in time to 
escape the flames. All three men died. 

After a break in the program for 
investigation into the accident, NASA 
quickly redesigned the Apollo spacecraft 
with several added safety features. When 
the Apollo program resumed in late 
1967, the unmanned Apollo flights 4, 5, 
and 6 tested the rocket and modules for 
safety and reliability. (There were no 
Apollo flights numbered 2 or 3.) 

The first manned Apollo flight, by 
Apollo 7, took place in Earth orbit in 
1968. Later that year, Apollo 8 flew 
around the Moon ten times and returned 
to Earth safely. In 1969, the landing 
module was tested in Earth orbit by the 
crew of Apollo 9. Apollo 10 repeated the 
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Apollo 8 mission, this time completing 
thirty-one lunar orbits. During the 
Apollo 10 mission, two astronauts flew 
the lunar module within 47,000 feet 
(14,300 meters) of the Moon’s surface. 


To the Moon 
Everything had been tried and tested for 
the Moon landing. It was time for the 
actual mission to take place. The astro- 
nauts selected for the crew of Apollo 11 
were Neil Armstrong, Edwin “Buzz” 
Aldrin, and Michael Collins. All three 
men, coincidentally, were born in 1930. 
On July 16, 1969, Apollo 11 blasted 
off from the Kennedy Space Center in 


APOLLO 
FLIGHTS 


LAUNCH 
DATE 


MISSION 


Florida. Nearly one million people gath- 
ered to watch from the surrounding 
beaches. Within minutes, the rocket’s 
first stage was out of fuel and dropped 
off, as the other stages would do when 
their jobs were done. 

During the flight from Earth, the 
Spacecraft reached a speed of 24,300 
miles per hour (39,100 kilometers per 
hour). After the initial acceleration to 
break free of Earth’s gravity, the speed 
of the spacecraft dropped in midflight to 
only 2,000 miles per hour (3,218 kilome- 
ters per hour). The spacecraft picked up 
speed again when it was pulled by the 
Moon’s gravity. 





Apollo 4 


November 9, 1967 


Unmanned test of CM, SM, and Saturn V. 








Apollo 5 


January 22, 1968 


Unmanned test of LM. 








Apollo 6 


April 4, 1968 





Unmanned test of Saturn V and all modules. 





Apollo 7 


October 11, 1968 


163 orbits, tested CM and SM. 








December 21, 1968 


Apollo 8 





Flew ten times around the Moon. 





Apollo 9 March 2, 1969 





Tested LM in Earth orbit. 





Apollo 10 May 18, 1969 





Orbited Moon, flew LM close to Moon. 





Apollo 11 July 16, 1969 


First Moon landing. 








Apollo 12 November 14, 1969 


Second Moon landing, two Moon walks. 








Apollo 13 April 11, 1970 





Damaged in flight, returned without landing. 





Apollo 14 January 31, 1971 





Third Moon landing, two Moon walks. 





Apollo 15 July 26, 1971 





Fourth Moon landing and first use of lunar vehicle. 





Apollo 16 April 16, 1972 





Fifth Moon landing and set-up of observatory. 








Apollo 17 December 7, 1972 


Sixth Moon landing and longest stay on Moon's surface. 





97 


(c) 2011 M.E. Sharpe, Inc. All Rights Reserved. 


APOLLO PROGRAM 





©) Astronaut Buzz Aldrin was photographed by 


fellow astronaut Neil Armstrong standing next to 
the U.S. flag that the two astronauts placed on 
the Moon's surface during the Apollo 11 landing 
in July 1969. 


Braking rockets slowed the spacecraft 
and sent it into lunar orbit. As their 
spacecraft traveled in orbit around the 
Moon, Armstrong and Aldrin prepared 
for their descent to the surface. They 
entered the Eagle, the lunar module, and 
separated it from the command module 
Columbia, leaving Collins in orbit in 
Columbia to await their return. 


The Moon Landing 

The lunar module began its descent 
toward the target landing site on an area 
of the Moon called the Sea of 
Tranquility. By gazing out of the small 
window, Armstrong was able to choose a 
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flat landing area. Probes on the lunar 
module’s legs signaled when it was 
about 5 feet (1.5 meters) above the dusty 
surface. The engine cut out, and the 
Eagle landed on the Moon at 4:17 P.M. 
(Eastern Daylight Time) on July 20. 
After touchdown, Armstrong radioed to 
Mission Control in Houston, Texas: 
“Houston, Tranquility base here. The 
Eagle has landed.” 

Armstrong and Aldrin wore space- 
suits to protect them from the Moon’s 
environment. There is no atmosphere on 
the Moon—to survive, the men needed 
the oxygen and steady temperature and 
air pressure provided by the suits. 

Armstrong opened a hatch and 
climbed down a ladder onto the powdery 
surface, followed by Aldrin. The astro- 
nauts’ first steps on the Moon were 
recorded by a TV camera on the side of 
the lunar module. Armstrong said, 
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“That’s one small step for man, one 
giant leap for mankind.” The astronauts 
spent two hours on the Moon’s surface, 
collecting rock samples and setting up 
scientific equipment. Mission accom- 
plished, they reentered the Eagle. 


Returning to Earth 
To leave the Moon in the early hours of 
July 21, Armstrong and Aldrin used the 
descent stage of the lunar module as a 
launchpad. Squeezed inside the upper 
ascent stage, the two astronauts blasted 
off and successfully rejoined Michael 
Collins in Columbia. The lunar module 
was then discarded, and a blast from a 
rocket in the service module sent the 
astronauts on their homeward course. 
Before reentering Earth’s atmosphere, 
the astronauts seated themselves inside 
the cone-shaped command module. 
This was the only part of the Apollo 


HORNET + 3 
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spacecraft with tough, outer insulating 
layers. The insulation would shield the 
crew from the searing heat, caused by 
air friction, that makes a spacecraft 
glow red-hot as it plunges back into 
the atmosphere. 

The command module carried three 
large parachutes that opened during the 
final stage of descent, dropping the 
spacecraft safely into the Pacific Ocean. 
Apollo 11 splashed down on July 24, 
1969. The astronauts, hailed as heroes, 
received a huge welcome. First, how- 
ever, they had to spend more than two 
weeks in isolation in a sealed medical 
chamber in case they had brought back 
any harmful infections from space. 
Fortunately doctors found none. 


More Moon Landings 

The Apollo program continued until 
1972. In November 1969, the Apollo 12 
mission, crewed by 
Charles Conrad and Alan 
Bean, made a second 
Moon landing. During 
this mission, the astro- 
nauts inspected an 
earlier unmanned probe, 
Surveyor 3. The subse- 
quent mission, Apollo 
13, nearly ended in dis- 
aster. On its way to the 


G President Richard Nixon 
visited the Apollo 11 astro- 
nauts while they were held in 
quarantine after their return 
to Earth on July 24, 1969. 
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©) After damage to the spacecraft endangered 


the astronauts of Apollo 13, the command module 
splashed down safely in the southern Pacific 
Ocean on April 17, 1970. 


Moon, the spacecraft was damaged 
when an oxygen tank in the command 
module blew up. This seriously reduced 
the supply of oxygen and electrical 
power. The crippled spacecraft flew on 
around the Moon and headed back to 
Earth. Astronauts James A. Lovell, Jr., 
Fred Haise, and Jack Swigert used the 
little lunar module as their “lifeboat,” 
making use of its power and oxygen 
supplies during the three-day return trip. 
They returned to the command module 
before making a safe landing. 

The last four Apollo missions carried 
out explorations at different sites. 
Apollo 15 astronauts David Scott and 
James Irwin were the first people to 
explore the Moon riding in a four- 
wheeled, battery-driven Lunar Rover. 
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THE LUNAR ROVER 


On the last three Apollo landings, 
American astronauts drove the elec- 
tric Lunar Rover, or Moon buggy. This 
remarkable vehicle was steered by 
a I-shape control stick instead of a 
Steering wheel. Apollo 15 astronauts 
David Scott and James Irwin found 
the buggy hard to drive—it took a 


ie TiMexto Get used Lo driving. 
gravity that Is only one-sixth of that 
on Earth. The Lunar Rover had four- 


wheel drive to cope with the bumpy 
Moon surface and a top speed of 
7 miles per hour (11 kilometers per 
hour). When the astronauts returned 
to Earth, the Moon buggies from the 
three missions were left behind on 
the Moon. 





After Apollo 

The Apollo 17 mission returned with 
a record amount of Moon rock—256 
pounds (116 kilograms). This material, 
together with earlier soil samples and 
scientific data from the Moon landings, 
was eagerly studied by scientists all over 
the world. By the 1970s, however, the 
public had become less excited about 
manned spaceflights. Politicians also 
lost interest. NASA turned its attention 
to more practical space travel in the 
form of a reusable spacecraft, the Space 
Shuttle. Since 1972, there have been no 
further Moon landings. 
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Leftover Apollo equipment was used 
in 1973 in Skylab, an orbital space sta- 
tion used as a science laboratory. Three 
crews of U.S. astronauts visited Skylab, 
the third crew making the longest visit 
of eighty-four days. 

The last Apollo spacecraft flew in 
1975. Astronauts Tom Stafford, Donald 
Slayton, and Vance Brand docked in 
Earth orbit with a Soviet Soyuz space- 
craft carrying cosmonauts Alexei Leonov 
and Valery Kubasov. This mission, the 
Apollo-Soyuz Test Project, was intended 
to further U.S.-Soviet collaboration in 
space. With this project, the Apollo pro- 
Sram came to a positive end. 

The Apollo missions captured the 
imaginations of millions of people 
around the world who watched the 
Apollo 11 astronauts on television, from 
the thrilling moment of launch to their 
Moon walks and final splashdown. 


O Apollo 17 mission commander Eugene Cernan 
takes the Lunar Rover for a ride across the 
Moon's surface in December 1972. 


The Apollo program was also an 
immense technical and industrial 
achievement. Thousands of workers in 
dozens of companies and research insti- 
tutes worked together to build the 
necessary rockets, spacecraft, and equip- 
ment. The program also boosted 
progress in microelectronics and com- 
puters. This important new technology 
would soon come to be used in further 
space exploration and on Earth. 


SEE ALSO: 


e Armstrong, Neil èe Astronaut 


e Future of Spaceflight ¢ Spaceflight 
e Space Race 
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Armstrong, Neil 


Date of birth: August 5, 1930. 

Place of birth: Wapakoneta, Ohio. 
Major contributions: First person to 
pilot the docking of two space vehicles; 
first person to set foot on the Moon. 
Awards: Presidential Medal of Freedom; 
Congressional Space Medal of Honor; 
NASA Distinguished Service Medal; 
Royal Geographic Society Gold Medal: 
Fédération Aéronautique Internationale 
Gold Space Medal; and many more 
honors, awards, and honorary degrees. 


orn on a farm in rural Ohio, Neil 
Barston took his first airplane 

flight at age six. He quickly 
became interested in aviation. Armstrong 
spent many hours of his childhood 
building model planes and reading 
books about flying. He started flying 
lessons at age fourteen and earned his 
pilot’s license two years later. 

After graduating from high school, 
Armstrong began studying aeronauti- 
cal engineering at Purdue University in 
Indiana. He interrupted his studies to 
serve in the U.S. Navy from 1949 to 
1952. During that time Armstrong flew 
as a fighter pilot in the Korean War 
and earned two Gold Stars. After his 
service in the Navy ended, Armstrong 
became a civilian again. He graduated 
from Purdue and became a test pilot 
for the government. From 1955 to 
1962, Armstrong flew more than 1,100 
hours, testing many different kinds of 
aircraft. 
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©) In 1960, Neil Armstrong was a test pilot 
working on the X-15, a rocket-powered aircraft. 
The X-15 set unofficial speed and altitude 
records. It also contributed to the development 


of technology for future manned spaceflights, 
such as the Apollo missions. 


In September 1962, Armstrong joined 
the National Aeronautical and Space 
Administration (NASA) as an astronaut. 
He was one of the few civilian astro- 
nauts. In 1966 Armstrong made history 
on his first space mission, Gemini 8, 
when he became the first person to 
maneuver one spacecraft to dock with 
another in space. 

Early in 1969, Armstrong was named 
as commander and pilot of the Apollo 11 
mission that aimed to take the first peo- 
ple to the Moon. Also on the crew were 
Buzz Aldrin and Michael Collins, both 
experienced astronauts. 

On July 16, 1969, the trio blasted off 
from Florida. A few days later, they 
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entered orbit around the Moon. 
Armstrong and Aldrin climbed into the 
lunar landing craft, the Eagle. Collins 
remained in orbit aboard the command 
module, Columbia. The two craft sepa- 
rated, and Aldrin piloted the Eagle down 
to the Moon’s surface. Shortly after 4:00 
P.M. on July 20, the landing craft 
touched down. Armstrong announced 
by radio, “The Eagle has landed.” 

For the next six and a half hours, the 
two astronauts prepared for their his- 
toric walk on the Moon’s surface. Just 
before 11:00 P.M., Armstrong stepped 
down the ladder onto the Moon’s sur- 
face. As he did so, he said, “That’s one 
small step for man, one giant leap for 
mankind.” A camera on the side of the 
spacecraft displayed the historic step to 
millions of people around the world 
watching on television. 

Armstrong and Aldrin took some 
rock samples, set up some experiments, 
and placed a U.S. flag on the Moon. 
Fired by rockets, the ascent stage of the 
lunar module took the astronauts safely 
back to the Columbia on July 21. The 
next day, they began the return trip to 


GS Most of the photos 
from the Apollo 11 mis- 
sion were of Buzz Aldrin 
taken by Neil Armstrong. 
This is one of the few 
clear photographs of 
Armstrong, showing 

him next to the modular 
equipment storage 
assembly of the Eagle. 


Earth. Columbia splashed down in the 
Pacific Ocean on July 24. 

Officials worried that the astronauts 
might bring back some unknown space 
germs with them. Armstrong, Aldrin, 
and Collins were held in isolation for 
more than two weeks. When finally 
released, they were celebrated in cities 
across the United States and in many 
countries around the world. 

From 1970 to 1971, Armstrong served 
NASA in an administrative job. He then 
resigned and became a professor of 
aerospace engineering at the University 
of Cincinnati in Ohio until 1979. Later 
Armstrong worked for companies in 
the aerospace industry. Armstrong also 
helped lead the commission that investi- 
gated the fatal loss of the Space Shuttle 
Challenger shortly after takeoff on 
January 28, 1986. 


SEE ALSO: 


e Apollo Program ¢ Astronaut 


e Challenger and Columbia ¢ NASA 
e Spaceflight 
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Astronaut 


n astronaut is a person who 
Aree in space. The word astro- 

naut means “star traveler.” The 
Russians (who, as part of the Soviet 
Union, led the way in manned space- 
flight in the early 1960s) use the name 
cosmonaut for their space travelers. 


Astronaut Profile 

Almost all people who have traveled in 
space are trained to be professional 
astronauts. A few people fly as passen- 
gers, however, after a short period of 
preparation for spaceflight. Most of the 
first astronauts came from a military 
background, but astronauts today 
include civilian specialists in engineer- 
ing, space medicine, electronics, and 
other fields of science. Most astronauts 
today fly in the Space Shuttle or are sta- 
tioned aboard the International Space 
Station (ISS). 

The United States and the former 
Soviet Union have sent more astronauts 
into space than any other nation. A 
number of other nations’ astronauts 
have flown on U.S. or Soviet missions. 
A few countries, such as China, have 
launched their own astronauts. 

Astronauts must be well educated 
and physically fit. Many astronauts are 
experienced aviation pilots. During 
Space training, they experience weight- 
lessness (being without gravity) to get 
used to conditions in space. Before every 
mission, the selected crew of astronauts 
and their backup crew practice the tasks 
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TYPES OF ASTRONAUT 


Space Shuttle astronauts are desig- 
nated in one of three categories: 
pilots, mission specialists, or payload 
Specialists. Pilots are highly trained 
flight professionals with jet aircraft 
experience who are in charge of the 
Spacecraft. They operate and navi- 
gate the spacecraft and keep its 
occupants safe. A mission specialist 
carries out tasks and operates 
onboard equipment. Mission special- 
ists, Tor example, will use robotic 
arms or even leave a spacecraft to 
perform repairs. They take care of 
any payload, such as scientific 
equipment, that is being taken into 


Space. Payload specialists are usually 
scientists rather than professional 
astronauts, and they are in space 
to perform a particular experiment 


or task. 


cr) 
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©) Jan Davis (left) and Mae Jemison 
(right) were mission specialists aboard 
the Space Shuttle Endeavour in 1992. 
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that will be carried out in 
space. This training often 
takes place in simulators 
that use computerized 
virtual displays to give 
astronauts some experi- 
ence handling situations 
that might occur during 
a spaceflight. Trainee 
astronauts also work 
inside a full-size model 
of their spacecraft to 
familiarize themselves 
with its layout and fea- 
tures. When fully trained, 
an astronaut may have to wait a long 
time before being assigned to a mission. 


The First Astronauts 

The first living creature in space, the dog 
Laika, was put into Earth orbit in 
November 1957 by the Soviet Union. 
The Soviets then startled the world on 
April 12, 1961, by putting the first per- 
son into orbit. He was Yuri Gagarin, a 
pilot with the Soviet air force, and his 
Spacecraft was Vostok 1. Although 
Gagarin made only one orbit, lasting 
108 minutes, the mission’s impact was 
enormous. Gagarin was greeted as a 
hero after his historic flight, and the 
world became excited by the possibility 
of astronauts flying, not just around 
Earth, but to the Moon and even to 
other planets. 

Gagarin started training in 1959, the 
Same year in which seven Americans 
were chosen to become NASA’s first 
astronauts. The seven U.S. astronauts 





©) John Glenn, photographed during his flight 
on Friendship 7 in 1962, was the first American 


to orbit Earth. Many years later, at age seventy- 
seven, he became the world’s oldest astronaut 
when he traveled on the Space Shuttle in 1998. 


were Donald Slayton, Virgil “Gus” 
Grissom, L. Gordon Cooper, M. Scott 
Carpenter, Walter Schirra, John Glenn, 
and Alan Shepard. They trained to fly 
the Mercury capsule, a cone-shaped 
spacecraft weighing about 3,000 pounds 
(1,360 kilograms)—about one-third the 
weight of a ball-shaped Vostok capsule. 

Shepard and Grissom were the first to 
test the Mercury craft, making fifteen- 
minute suborbital flights in May and 
July 1961. The U.S. astronaut chosen to 
fly into orbit was John Glenn, a former 
Korean War fighter pilot. His capsule 
was mounted on top of a U.S. Air Force 
Atlas rocket, which was more powerful 
than the Redstone rocket used for the 
first two Mercury flights. Glenn blasted 
off on February 20, 1962, and became 
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the first American to orbit Earth in his 
craft Friendship 7. Glenn’s three-orbit 
flight was followed by other manned 
flights by U.S. astronauts. They used 
Mercury spacecraft and then the larger 
Gemini two-man craft. These flights led 
to the Apollo program (1967-1972), 
which sent the first people to the Moon. 


THE FIRST WOMAN 
IN SPACE 


No women were among the first US. 
and Soviet astronauts. In the 1950s, 
there were few experienced female 
fet solos, same some scientists 
belleved women would be physically 
unable to withstand the stress of 
auden andr recni min dune TICS 
however, the Soviet Union launched 
the spacecraft Vostok 6 that carried 
Valentina Tereshkova. The first 
woman in space was not a pilot but 
Aer Mel TeMiemechNGlOgist inva 
cotton mill and an avid parachutist. 
Inspired by Yuri Gagarin’s flight, she 
had written to the Soviet govern- 
ment with a request to become a 
cosmonaut. Just over a year later, she 
was orbiting Earth. Tereshkova suf- 
fered no bad effects from her orbital 
mission. She later married and gave 
birth to a daughter. The normal birth 
Showed that human reproduction 
was not affected by spaceflight. 
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The Dangers of Spaceflight 
Spaceflight has a good safety record, but 
there have been fatal accidents involv- 
ing astronauts. The first person to be 
killed during a mission was Soviet cos- 
monaut Vladimir Komarov in April 
1967. Veteran of an earlier flight in the 
three-man Voskhod 1, Komarov was fly- 
ing alone in the new Soyuz craft in 
1967. It seems the spacecraft began to 
spin while still in orbit and then over- 
heated when trying to reenter the 
atmosphere. Komarov was killed during 
reentry. 

Three U.S. astronauts were trapped 
and killed in the Apollo 1 fire during 
ground tests in January 1967. They were 
Gus Grissom, Ed White (the first 
American to “walk” in space, in June 
1965), and Roger Chaffee. 

The worst fatalities to U.S. astronauts 
involved the Space Shuttle, first flown 
with astronauts on board in 1981. On 
January 28, 1986, the Space Shuttle 
Challenger broke up shortly after liftoff. 
All seven astronauts were killed. After 
modifications, the Space Shuttle 
returned to space, but tragedy struck 
again on February 1, 2003. This time it 
was Columbia, nearing completion of its 
twenty-eighth mission. During its 
descent, the spacecraft disintegrated 
high above Texas. Again, all seven 
astronauts on board died. 

Astronauts do not appear to suffer 
any serious health consequences from 
Short flights. Over time, however, the 
absence of gravity affects the human 
body. Astronauts find that their muscles 
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O During Space Shuttle mission STS-116 in 
2006, astronauts installed a new truss (support- 
ing frame) on the International Space Station. 


waste and bones weaken during flights 
lasting weeks or months. Cosmonaut 
Yuri Romanenko returned to Earth in 
1987 after 326 days in space, aboard the 
Soviet space station Mir. He found his 
calf muscles had shrunk 15 percent in 
spite of workouts on a treadmill and 
exercise bike. 

During periods of prolonged weight- 
lessness, astronauts grow 1 to 2 inches 
(2.5 to 5 centimeters) taller because the 
bones in their spines spread apart. 
Back on Earth, the bones close up again, 
and the astronauts soon return to their 
normal height. 


k. DS T ei 


Astronauts’ Spacesuits 

The first astronauts wore spacesuits 
throughout their missions. These suits 
were developed from the pressure suits 
worn by high-altitude fliers to combat 
the effects of altitude. The first astronaut 
to test a spacesuit outside a spacecraft 
was Soviet cosmonaut Alexei Leonov. In 
1965, he stepped outside his Voskhod 2 
orbiter and spent 24 minutes of extra- 
vehicular activity (EVA), linked to his 
spacecraft by two lines. 

Today, Space Shuttle astronauts and 
Space Station crews are either tethered 
by a line to their spacecraft or have their 
boots locked into place on a robotic arm. 
They can also use a jetpack system 
called a simplified aid for EVA rescue 
(SAFER). First tested in 1994, the unit 
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can propel astronauts back to safety in 
emergencies—if they became untethered, 
for example. 

Modern spacesuits have interchange- 
able parts in different sizes so suits can 
be adjusted to fit each astronaut. The 
Moon suits used by the Apollo astro- 
nauts were more comfortable than the 
first spacesuits because the Moon suits 
introduced rubberized joints that made 
walking and bending easier. The modern 
Spacesuit, designed for floating rather 
than walking, is made of layers of syn- 
thetic materials—such as Kevlar, Teflon, 
and Dacron—with an outer skin of 
Teflon-coated glass fiber. The layers 
shield out harmful radiation and protect 
against the risk of puncture by dust par- 
ticles flying in space. 
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© In 2005, Space Station and Space Shuttle crew 
members share a meal aboard the ISS. Astronauts 
find tortillas more convenient than bread in the 
weightless environment because they are less likely 
to leave crumbs floating around the cabin. 


Temperatures in space are extreme: 
250°F (121°C) in sun, and a freezing 
-250°F (-157°C) in shadow. An internal 
cooling system circulates water through 
tubes inside the spacesuit, while the 
suit’s heating elements prevent the 
astronaut from freezing when working 
in shadow. A gold-coated sun visor 
in the helmet shields the astronaut’s 
eyes from the sun’s glare, and flashlights 
on the helmet can be switched on to 
give extra light when working outside 
the spacecraft. 
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The spacesuit life-support system 
Supplies the astronaut with pure oxygen 
to breathe from tanks in a backpack. 
The suit has a toolkit and control pad 
on the chest with a visual display. An 
astronaut wears a close-fitting cap, 
called a Snoopy cap, which contains 
a radio for communications. The suit 
also has a personal waste disposal sys- 
tem for when an astronaut needs to go 
to the bathroom. 


Living in Space 

Astronauts stationed at the International 
Space Station for weeks at a time do not 
have to wear spacesuits. They usually 
put them on only when working outside 
or for the return trip to Earth. Shuttle 
astronauts usually change into light- 
weight clothes once in orbit. 

The first astronauts sipped liquid 
food from sealed containers through a 
straw—scientists were worried that ordi- 
nary foods, such as sandwiches, would 
fill the cabin with floating crumbs and 
clog up vital equipment. Space food has 
improved since those pioneer days, and 
solid foods are eaten without too many 
problems. Space Shuttle astronauts eat 
some ready-to-eat foods as well as dried 
foods to which they add water. In 2000, 
the Space Station crew ate a Christmas 
dinner of rehydrated turkey. An astro- 
naut’s breakfast could be orange juice, 
scrambled eggs, and a roll. Lunch might 
be soup with a sandwich and banana, 
while dinner might include fish or meat 
with vegetables, a dessert, and hot 
chocolate or coffee. 


NOTABLE ASTRONAUTS 


John H. Glenn was the first 
American in orbit (1962) and, at age 
seventy-seven, the oldest person to 
go into space (1998). 

Neil A. Armstrong and Edwin 
“Buzz” Aldrin were the first people 
to set foot on the Moon (1969). 
John W. Young and Robert L. 
Crippen made the first Space 
Shuttle flight (1981). 

Guion S. Bluford was the first 
African American astronaut (1983). 
Sally Ride was the first female 
U.S. astronaut (1983). 

Svetlana Savitskaya was the first 
woman to make an EVA (1984). 
Jake Garn, U.S. senator, was the 
first politician in space (1985). 
Valerty Poliyarkov stayed in space 
a record 437 days (1986-1987). 
Mae Jemison was the first female 
African American astronaut (1992). 
Bill Shepherd was the first U.S. 
astronaut to crew the International 
Space Station (2000). 


SEE ALSO: 


e Apollo Program ¢ Armstrong, 
Neil èe Challenger and Columbia 


e Gagarin, Yuri è Glenn, John 
e International Space Station 
e Ride, Sally ¢ Spaceflight 
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Autogiro 


n autogiro is a type of aircraft 
that looks like a helicopter but 
works in a different way. 
Autogiros are rotorcraft, or rotary 
wing craft. Like a helicopter, an autogiro 
has a rotor (a set of long thin blades) on 
top. Unlike a helicopter, an autogiro’s 
rotor is not powered by an engine—it 
freewheels, or autorotates. An autogiro 
is moved forward by an engine-driven 
propeller, like an airplane. 
Just before an autogiro takes off, the 
pilot starts the overhead rotor spinning. 
The simplest way to do this is for the 


pilot to reach up, take hold of one of the 
rotor blades, and push it around. Some 
autogiros use their engine to start the 
rotor spinning, and then the engine is 
disconnected from the rotor to let it spin 
freely on its own. 

As the autogiro moves forward, the 
pressure of air pushing up against the 
bottom of the blades makes the rotor 
spin faster. As the blades spin, they gen- 
erate lift. They quickly generate enough 
lift for the craft to take off. An autogiro 
can take off in a much shorter distance 
than a fixed-wing plane. 

In the same way as a helicopter, an 
autogiro is steered by tilting the rotor. 


€) The first autogiros in the United States were Cierva models. They were flown by Harold Pitcairn, who 
established the Pitcairn-Cierva Autogiro Company in 1929. This is the Pitcairn PAA-1, one of the first 
U.S.-made models. 
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When the whole rotor tilts, its down- 
wash (or the air blown downward by 
the rotor) is tilted to the front, back, or 
one side. This action pushes the autogiro 
in the opposite direction. A rudder at 
the back turns the craft’s nose to the left 
or right. 

A rudder works by deflecting air to 
one side, so it needs a fast flow of air 
blowing across it to work. When an 
autogiro flies slowly, the air flows 
around it too slowly for the rudder to 
work well. A modern autogiro’s rudder, 
therefore, is placed behind its rear- 
mounted propeller. In this position, it 
gains a fast airflow from the propeller. 

An autogiro has the same basic flight 
controls as a fixed-wing plane, but 
autogiros are much more maneuverable. 
A control stick steers the aircraft. 
Moving the stick to the front, back, or 
side moves the craft in that direction by 
tilting the rotor. Pedals operate the rud- 
der, and a throttle control adjusts the 
engine speed. 

Spanish engineer Juan de la Cierva 
invented the autogiro in 1923. The first 
autogiros had short wings with ailerons 
for steering. In 1932 the wings were dis- 
carded, and a tilting rotor was used for 
steering instead. During the 1930s the 
development of helicopters overtook 
autogiros. Interest in commercial and 
military autogiros died away. A few 
autogiros were towed behind ships and 
submarines during World War II to act 
as spotter craft. They were used to look 
for enemy ships or submarine periscopes 
breaking the water’s surface. 


AUTOGIRO TIME LINE 


1923 imention of ithe Ciena ea 


the first Successful autogIro. 


1927 


Invention of Cierva C6D, 
the first two-seat autogiro. 


Cierva C8L Mk II makes 
the first autogiro flight 
across the English Channel. 


1928 


First American autogiro is 
flown by Harold Pitcairn 
in Philadelphia. 


British Royal Air Force 
receives first military 
autogiros, Cierva C30As. 


U.S. Army orders its first 
autogiro, a Kellett YG-1. 


Kellett KD-1B in the 
United States begins first 
scheduled airmail service 
by a rotorcraft. 





Autogiros are still popular among 
enthusiasts today because they offer an 
inexpensive way to enjoy flying. These 
aircraft are often bought as kits and 
built by their owners. 


SEE ALSO: 


e Aileron and Rudder ¢ Helicopter 


e Propeller ¢ Tail e World War II 
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Avionics 


vionics is the name for an air- 

crafts electronic equipment and 

electrical systems. Avionics have 
become so important in modern aviation 
that they can account for more than 
half the multimillion-dollar price of a 
modern aircraft. 


Avionics Development 
Until the 1940s, the most complicated 
electronic equipment carried by any air- 


€) Sensors constantly monitor for problems and 
are crucial to safety in spaceflight. These NASA 
astronauts and technicians are examining a sensor 
system installed on the Space Shuttle Discovery in 
2005. The system, a long boom with camera and 
lasers on the end, is used to inspect the Space 
Shuttle's heat shield for damage while in space. 
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craft was probably a radio. Then radar 
was developed to detect aircraft a long 
distance away. Radar soon became small 
enough and light enough to be carried 
by aircraft. The amount of electronic 
equipment in aircraft increased rapidly. 
The word avionics has been used to 
describe an aircrafts electronic systems 
since the 1970s. 

At first, an aircrafts avionics were 
a collection of separate electrical and 
electronic circuits, each with its own 
wiring. Today, all the various circuits 
and systems work together, connected to 
an information highway called a data- 
bus. The databus carries information 
around an aircrafts avionics systems in 
the same way that a computer’s databus 
carries information between the key- 
board, processor, memory, monitor, and 
other parts. 
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A lot of work goes into making 
sure that the different pieces of 
avionics equipment will work 
together in an aircraft without inter- 
fering with each other. This process 
is called systems integration. A big 
project, such as a new airliner, often 
has hundreds of engineers working 
on systems integration. 


Avionics Systems 
Today’s avionics include sensors, 
radio communications equipment, 
computers, and control and naviga- 
tion systems. They also include the 
displays in the cockpit. 

The job of sensors is to collect 
information. Sensors on the outside 
of an aircraft collect information 
about its speed and height. Other 
sensors in the engines monitor 
temperature, pressure, and speed. Yet 
others measure tire pressure. Sensors 
inside the plane monitor the air 
pressure and temperature. Radar in 
an airplane’s nose searches the sky 
ahead for storms. 

Radio equipment lets the crew 
talk to air traffic controllers on the 
ground. Radios are also able to 
receive signals from navigation 
beacons on the ground and some- 
times from satellites in space. 
Devices called transponders send 
out radio signals that identify each 
plane to air traffic controllers. 
Military aircraft have even more 
avionics for their weapons and 
defense systems. 


AVIONICS 


ADVANCED AVIONICS IN 
THE F-22 


The F-22 Raptor fighter plane has very 
advanced avionics. They enable one pilot 
to handle the same amount of work In the 
cockpit that takes a crew of two to man- 
age in older airplanes, such as the F-14 
Tomcat and F-15E Strike Eagle. The F-22's 
avionics are also able to share information 
with other F-22s flying nearby. The planes 
can actually download information from 
each other's avionics. A pilot can see how 
many weapons other F-22s have or look 
at targets the other planes have found. 
They can also download information from 
a flying battle command center, a type of 
plane known as an Airborne Warning and 


Control System (AWACS). The AWACS 
circles over a trouble spot collecting 
information and guiding military aircraft. 


©) An avionics supervisor with the U.S. Air 
Force tests electronic equipment in a Raptor. 
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AVIONICS 


Computers and other electronic sys- cockpit. The plane’s avionics help cut it 
tems process all the information arriving down to a level that pilots can manage. 
from the sensors. A huge amount of Displays show the information pilots 
information floods into an aircrafts need on screens and other instruments. 


eS 





LIGHTNING 


It Is possible that an airliner will be struck by lightning one or more times in a year. 
A lightning bolt produces millions of volts, and avionics can be put out of action 
by just a few volts too many. When lightning strikes an airplane, however, it flows 
around the plane's metal body. It does not get Inside the plane, and so the avionics 
are safe. The crew and passengers are protected from lightning in the same way. 
Some parts of a plane's body are now being built from light materials, such as 
carbon fiber, instead of metal. The new materials are used because they are lighter 
and stronger than most metals, but they do not keep lightning out in the way that 
metal does. One way to protect the delicate avionics in these aircraft is to cover the 
plastic or carbon fiber parts of the body with a thin metal mesh. If lightning hits the 
airplane, the metal layer stops It from reaching the computers and electronics inside. 





©) Lightning strikes near a control tower and taxiing airplane. 
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Control systems enable the crew to 
control the aircraft. Some control 
systems, such as the autopilot, are auto- 
matic: They work by themselves. Others 
are manual and are operated by the 
crew. Actuators, for example, are an air- 
craft’s mechanical muscles. They move 
parts of the plane, such as the rudder in 
the tail, the moving parts of the wings, 
and the landing gear. 


Reliability and Backup 
Equipment 

Avionics equipment has to keep working 
in all conditions. An aircraft could be 
sitting on the ground on a hot day at 
more than 104°F (40°C), and a few min- 
utes later it could be flying through air 
as cold as -76°F (-60°C). Turbulent 
(rough) air and hard landings can shake 
up a plane considerably. Lightning can 
strike and shock a plane with millions of 
volts. Avionics have to work reliably 
through all of this. 

If part of an avionics system does 
break down, however, it is designed to 
fail in a way that does not put an air- 
craft in danger. The most important sys- 
tems have at least one backup. If the 
main or primary system fails, the back- 
up takes over. There is often more than 
one backup, so if the first backup fails, 
yet another backup can take over. This is 
called “failsafe operation.” 

The Space Shuttle has five flight 
computers. Four of the computers work 
together, and they constantly check each 
other. If one computer fails, the other 
three vote it out of the system and 


ignore it so that it cannot command the 
spacecraft to do anything dangerous. If 
a second computer fails, the other two 
can still land the Space Shuttle safely. If 
all four computers fail, the fifth com- 
puter takes over. If all five computers 
were programmed with the same soft- 
ware, they could all crash because of the 
same fault in their programming. The 
fifth computer, therefore, is programmed 
with different software. 


Avionics Technology in 
Other Industries 
Other industries are beginning to use 
avionics technology that was developed 
for aircraft and spacecraft. Some ships 
are now fitted with transponders that 
send out a radio signal to identify the 
ship, just like airliner transponders. 
The control center of a modern passen- 
ger liner or cargo ship is known as the 
bridge. The bridge is fitted with flat 
panel screens showing information col- 
lected by sensors all over the ship. 
Many vehicles now have electronic 
systems to control their engines, just like 
a plane’s engine management system. 
Increasing numbers of vehicles are using 
the same satellite navigation system that 
commercial and military aircraft use. 


SEE ALSO: 
e Cockpit e Communication e Control 
System © Fighter Plane è Materials 


and Structures ® Navigation ¢ Radar 
e Space Shuttle 
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Type of aircraft: Airborne Warning 
and Control System (AWACS). 
Manufacturer: Boeing. 

Maiden flight: 1972. 

Use: Military surveillance and 
command center. 


WACS stands for Airborne 
A piers and Control System. 

An AWACS is an airplane that 
is used as a flying radar station and 
control center. Its jobs are to alert air 
defenses of incoming enemy aircraft or 
missiles and to provide a flying opera- 
tions command center. 

Before radar was first fitted to air- 
craft in the 1940s, pilots had to rely on 
their eyesight to spot enemy forces. 
The first planes to use radar in combat 
were World War II night fighters. In 
the 1950s, radar was fitted to naval 


airplanes and land-based patrol air- 
planes. They used radar to hunt enemy 
submarines and detect enemy ships and 
aircraft. In the 1960s the idea was taken 
a step further, and this led to AWACS. 

U.S. defense planners feared an 
enemy attack might destroy or damage 
ground-based radar and communica- 
tions systems. The answer was to put a 
radar-based electronic system in a large 
airplane that could become an “eye in 
the sky” for commanding officers on 
the ground. 

The U.S. Air Force ordered a conver- 
sion of a Boeing 707 airliner to become 
an AWACS. The first of these aircraft 
came into service in 1977. Named the 
E-3A Sentry, it looked like a 707 with 
one very obvious addition: a large, 


€) The distinctive rotodome is clearly visible on 
this E-3A Sentry, an AWACS aircraft converted 
from a Boeing 707. 
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mushroom-shaped rotodome on top. 
Inside the rotodome was radar and other 
electronics equipment. Other electronic 
gadgetry was packed into the wings, 
cabin, and tail of the airplane. 

AWACS airplanes usually carry a 
crew of four and up to thirteen elec- 
tronics warfare specialists. Consoles 
inside the aircraft display computer- 
processed data on screens. Missions last 
eight hours or longer. The aircraft can be 
refueled in flight by a U.S. Air Force 
tanker, and crew members can take 
breaks in the plane’s rest area. 

AWACS planes track enemy aircraft 
and ships and identify friendly forces. 
They can also listen in to enemy com- 
munications. Their radar has a range of 
more than 250 miles (400 kilometers) 
when tracking low-flying targets. At 
high altitudes, AWACS can detect a 
plane or missile at even longer ranges. 
Information is relayed to military com- 
manders, battlefield control centers, and 
even to the president and the secretary 
of defense. AWACS communications are 
jam resistant, which means they cannot 
be blocked by enemy electronic counter- 
measures. AWACS surveillance operates 
alongside spy satellites and robot 
drones, which are also used to gather 
military information. 

The E-3A Sentry is still used by the 
U.S. Air Force, which had thirty-three 
AWACS planes as of 2006. Some of these 
are deployed overseas in combat zones. 
The AWACS E-3A Sentry is also used by 
NATO, the British Royal Air Force, and 
the air forces of France, Chile, and Saudi 





THE E-3A SENTRY 


The E-3A Sentry is a modified 
Boeing 707/320. It has: 


e Four Pratt & Whitney turbofan 
engines. 


A rotodome 30 feet (9 meters) 

in diameter that rotates at six 
revolutions per minute In normal 
operations. 

A cruising speed of 530 miles per 
hour (853 kilometers per hour). 
An operational height of 29,000 
feet (8.840 meters). 


Arabia. The Japanese Air Self-Defense 
Force uses a Boeing 767 version. 

Other types of airplanes are used as 
AWACS aircraft. The U.S. Navy flies the 
Grumman E-2 Hawkeye on Airborne 
Early Warning (AEW) missions from its 
aircraft carriers. The Russians converted 
the Ilyushin I-76 airliner into an 
AWACS airplane. Israel has its own 
AWACS system, without the big 
rotodome, in the Gulfstream G-550 air- 
plane. The Royal Australian Air Force 
uses the Wedgetail, an AEW aircraft 
based on the Boeing 737. 


SEE ALSO: 
e Aircraft, Military ° Avionics 


e Boeing @ Radar 
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Ballistics 


allistics is the scientific study of 
Brenes A projectile is an 

object flying without engine 
power after it has been fired or 
launched. Baseballs and golf balls are 
projectiles. Cannonballs, bullets, and 
artillery shells are also projectiles. 
Rockets and certain types of spacecraft 
can be projectiles, too. 


Ballistic Science 

The science of ballistics was developed 
hundreds of years ago to help gunners 
figure out where their cannonballs 
would land. When a cannonball is fired 
from a cannon tilted up at an angle, it 
rises as it flies away from the cannon. Its 
upward motion is slowed down by grav- 
ity until it stops rising and falls back to 
the ground. The flight path of a projec- 
tile is called its trajectory. 

If gravity were the only force acting 
on a cannonball, its path would follow a 
curving shape called a parabola. In fact, 
it falls short, because the air pushes back 
against it. This air resistance, called 
drag, slows the cannonball. 

The first person to make a scientific 
study of ballistics was Italian mathe- 
matician and engineer Niccolò Fontana 
Tartaglia (1499-1557). Tartaglia was the 
first person to notice that a cannonball 
followed a curved path. Until he pointed 
this out in the 1530s, people thought a 
cannonball flew in a straight line. 

A pointed projectile causes less drag 
than a ball. For this reason bullets, 
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artillery shells, and rockets have pointed 
noses. A pointed projectile, however, 
tends to tumble as it flies through the 
air. Bullets and artillery shells are made 
to spin to stop them from tumbling 
and to keep them flying point first. 
This action is called spin stabilization. 
Some rockets are also spin stabilized. 
Large rockets, like arrows, are stabilized 
by tail fins. 


Ballistic Flight 

The first manned Mercury spaceflight, 
launched by the United States in 1961, 
was ballistic. A rocket carried the space 
capsule into space. Forty-two seconds 
after liftoff, the rocket shut down, and 
the capsule separated from it. The cap- 
sule’s momentum carried it on upward. 
The capsule did not go into orbit around 
Earth. Gravity slowed its upward flight 
until, at a height of 118 miles (190 
kilometers), it stopped climbing and 
began falling. Parachutes opened to slow 
the capsule’s fall before splashdown in 
the Atlantic Ocean. 


THE BALLISTA 


The word ballistic comes from a 
Greek word meaning ‘to throw.’ A 


weapon called the ballista was 
invented In ancient Greece in about 
400 B.C.E. It was a throwing machine, 
like a huge crossbow. It hurled heavy 
Stone balls or spears. 
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A spacecraft coming back to Earth 
can follow a ballistic trajectory, which 
simply means that it falls through the 


atmosphere. A ballistic reentry is 
uncomfortable for astronauts, however. 
The strong forces produced by drag slow 
the spacecraft down suddenly, like a car 
braking hard. Also, once the spacecraft 
begins its return to Earth on a ballistic 
reentry, it cannot be steered toward a 
particular landing area. 

Another way to return to Earth is to 
use the spacecraft’s shape to create lift 
instead of letting it fall back to Earth. A 
spacecraft produces lift simply by tilt- 
ing, like a kite. As it plunges through the 
atmosphere, its angle to the oncoming 
air lifts it up. 

A spacecraft returning from space in 
this way slows down more gently than 
in a ballistic reentry. By changing the 
amount and direction of its tilt, the 
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Howitzer cannon 
to fire explosives 
during a training 
exercise. 


spacecraft can then be steered through 
the atmosphere toward a chosen landing 
site. The Space Shuttle comes back to 
Earth in this way. 

SpaceShipOne, the first private 
spacecraft, uses a ballistic reentry. When 
its rocket engine shuts down after 
launch, at a height of 150,000 feet 
(45,720 meters), the spacecraft’s momen- 
tum carries it up another 150,000 feet 
(45,720 meters). From that point, 
SpaceShipOne falls back through the 
atmosphere. The pilot then retakes 
control and flies the spaceship like a 
glider to a landing on a runway. 


SEE ALSO: 
e Gravity ° Lift and Drag ° Space- 


flight è Space Shuttle ¢ Takeoff and 
Landing 
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balloon is a sack filled with gas. 
Aus balloons filled with gas 

can rise and stay in flight 
because of the gas inside the balloon. 


How Balloons Stay Up 
Archimedes (AR-key-MEE-dees), a Greek 
scientist of the third century B.C.E., real- 
ized that an object will float when its 
weight equals, or is less than, the weight 
of the fluid (gas or liquid) it displaces, 
or pushes away. His discovery explains 
why a ship floats. It also provides an 
explanation of why a balloon flies, 
because air displaces in the same way as 
water. This force is called buoyancy. 

A small balloon filled with air is 
light, but it is not buoyant. It will 
naturally sink to the ground because the 
weight of the balloon skin makes it 
heavier than the air around it. In the 
1700s inventors began to experiment 
with “floating flight.” They were possi- 
bly inspired by watching smoke from a 
fire rise into the air. Hot air seemed to 
hold the key to flight. 

This was proved in 1709. In Portugal 
a priest named Bartolomeu de Gusmão 
demonstrated a small paper balloon 
filled with hot air. A small fire, lighted in 
a dish tied beneath the balloon, heated 
the air. The balloon rose 12 feet (3.66 
meters) toward the ceiling of a room. 
Nothing more came of this experiment, 
but it proved that hot air, being lighter 
than the air around it, can enable an 
object to rise and stay afloat. 
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The First Balloon Flights 

In 1782 French silk maker Joseph- 
Michel Montgolfier made a model hot 
air balloon. Montgolfier burned scraps 
of wool or straw to warm the air inside 
his balloon. Because the hot air was less 
dense than the surrounding air, the bal- 
loon rose successfully. Montgolfier and 
his brother Jacques-Etienne then flew a 
larger balloon in the town square. Next, 
they set off for the French capital of 
Paris, where scientist Jacques Charles 
was working on a rival balloon. This 
balloon was to be filled with hydrogen, 
the lightest of all gases. Naturally light 
gases work in the same way as hot air— 
they rise because they are lighter than 
the air surrounding them. 

Charles demonstrated the hydrogen 
balloon (without a passenger) on August 
27, 1783. It rose to about 3,000 feet (915 
meters). Undeterred, the Montgolfiers 
brought out their own balloon. It was 
72 feet (22 meters) high and 43 feet (13 
meters) in diameter. On September 19, 
1783, watched by King Louis XVI and 
other amazed spectators, the balloon 
rose in the air, carrying a sheep, a duck, 
and a chicken. It flew for eight minutes, 
traveled 2 miles (3.2 kilometers), reached 
an estimated altitude of 1,500 feet (457 
meters), and landed safely. 

Jean-Francois Pilatre de Rozier vol- 
unteered to ride on the next flight, and 
he ascended to 84 feet (25.6 meters). 
The balloon was tethered to the ground 
with a rope. On November 21, 1783, de 
Rozier rose into the air again, accompa- 
nied by the Marquis d’Arlandes. This 
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time there was no rope tether, 
and the men flew for 25 minutes, 
traveling 5 miles (8 kilometers) 
and rising to 3,000 feet (914 
meters). For the first time, people 
had taken to the air and stayed 
in flight. In December 1783 
Charles flew in his hydrogen bal- 
loon for about 26 miles (42 kilo- 
meters). 


Going Farther and Higher 
Balloons were soon flying over 
the ocean. Frenchman Jean- 
Pierre Blanchard and American 
John Jeffries flew across the 
English Channel in 1785. In 
1793 Blanchard completed the 
first balloon flight in the 
United States, traveling from 
Pittsburgh, Pennsylvania, to 
Gloucester County, New Jersey. 
Early balloonists learned to 
control flight upward or down- 
ward. By letting out air or gas, the 
balloonist could descend. Throwing out 
ballast (sand or lead weights) enabled 
the balloon (now lighter) to rise. The dis- 
advantage of a balloon is that it cannot 
be steered—it drifts with the wind. Sails, 
oars, and even paddlewheels were tried 
for steering, all without success. 
Balloon flights became popular 
entertainment, but they also had serious 
uses. The U.S. Army’s Balloon Corps 
used balloons for observation during the 
Civil War (1861-1865). Balloonists made 
the first scientific researches into the 
upper atmosphere. In the 1930s, Auguste 
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©) France led the way In balloon ascents in the 
late 1700s. An etching of the period shows five 
French balloons in the 1780s, including two 
Montgolfier balloons and a Charles balloon. 


Piccard, a Swiss scientist, rode in a 
sealed cabin beneath a hydrogen bal- 
loon. He rose more than 50,000 feet 
(15,240 meters). In 1935 American bal- 
loonists Albert W. Stevens and Orvil A. 
Anderson ascended to 72,395 feet 
(22,066 meters). This record remained 
unbroken until the 1960s, when other 
balloonists in the United States reached 
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©) Workers from the U.S. Bureau of Standards 
prepare to launch a weather balloon carrying 


a radiosonde in 1936. This was an early use 
of the radiosonde to measure air temperature 
and pressure. 


over 100,000 feet (30,480 meters). 
Unmanned balloons have flown as high 
as 170,000 feet (51,816 meters). 


Today’s Balloons 

In a hot air balloon, the heat comes from 
a propane gas burner. The pilot turns on 
the burner to send hot air into the 
balloon. The balloon is made of a tough, 
nonflammable material such as nylon 
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BALLOON JUMP 


The worlds longest delayed-drop 
parachute jump was made from a 
balloon. On August 16, 1960, Captain 
Joe W. Kittinger jumped out of a 
balloon 102,800 feet (31,333 meters] 


above New Mexico. He fell 84,700 
feet (25,817 meters) before his para- 
entea opened in 1984" Kittinger 
became the first person to fly the 
Atlantic Ocean alone in a balloon. 
He flew from Maine to Italy in about 
86 hours. 


or polyester. The bigger the bag, the 
more weight (payload) the balloon can 
lift. Passengers ride in a basket or 
similar structure hanging beneath the 
balloon. To descend for landing, the 
pilot releases air from the top of the 
balloon. Hot air balloons are popular 
with sports balloonists. 

Gas balloons are usually filled with 
helium. This gas is safer than hydrogen 
because it does not catch fire. Gas bal- 
loons have more lifting power than hot 
air balloons. They can also go higher 
and stay aloft longer. 

The largest type of gas balloon is a 
Superpressure balloon. The pressure of 
gas inside the bag is higher than the 
pressure of the outside air. At launch, a 
Superpressure balloon is only partly 
filled with gas. As the balloon rises, the 
gas expands and fills the bag. The 
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largest such balloons have a volume of 
more than 70 million cubic feet (2 mil- 
lion cubic meters), and they are 
unmanned aircraft. 

Today, scientists find unmanned gas 
balloons useful for studying the weather 
and the upper atmosphere. Weather bal- 
loons carry radiosondes—instruments 
that measure temperature, humidity, and 
air pressure—which send back data by 
radio. 


Record Balloon Flights 

There are world and national champion- 
ships for both hot air and gas balloons. 
Like airplane pilots, balloon pilots in the 
United States must be licensed by the 
Federal Aviation Administration. 

In 1978, Ben Abruzzo of the United 
States and two companions made the 
first flight in a balloon across the 
Atlantic Ocean, in the helium balloon 
Double Eagle I. In 1981, Abruzzo also 
became the first balloon pilot to fly the 
Pacific Ocean, in his Double Eagle V. 





©) Hot air balloons drift above a mountain village 
in Switzerland during a balloon rally. 


The Pacific crossing of 5,768 miles 
(9,310 kilometers) took 84 hours and 
31 minutes. The first Atlantic crossing 
by a hot air balloon was made in 1987, 
by Richard Branson of Britain and Per 
Lindstrand of Sweden. They also made 
the first trans-Pacific flight in a hot air 
balloon, in 1991. 

The first balloonists to circle Earth 
were Bertrand Piccard of Switzerland 
and Brian Jones of Britain. They made 
the record-breaking flight of 26,602 
miles (42,802 kilometers) between 
March 1 and March 20, 1999, in their 
balloon Breitling Orbiter III. 


SEE ALSO: 
e Airship ¢ Montgolfier, Jacques- 


Etienne and Joseph-Michel 
e Parachute 
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Please see Volume 5 for a complete glossary 
for all volumes. 


Accelerate In scientific terms, to gain speed, 
slow down, or change direction. More 
generally, accelerate means to speed up. 


Ace Fighter pilot who has shot down more 
than five enemy aircraft. 


Aerodynamics Science that deals with 

the behavior of moving gases and how 
they affect objects passing through them. 
A shape referred to as aerodynamic is one 
that moves efficiently through air. 


Aeronautics Science of making and 
flying aircraft. 


Aerospace Earth’s atmosphere and space; 
also the science and industry surrounding 
air and space. 


Aileron Movable panel on the back edge of 
an airplane wing that helps steer the aircraft. 


Air pressure Force of air pressing against 
something. 


Aircraft carrier Ship that carries aircraft and 
on which aircraft can take off and land. 


Airfoil Curved, aerodynamic shape, such as 
a wing or propeller blade, that creates lift. 


Altimeter Instrument that measures altitude. 
Altitude Height above ground or sea level. 


Atmosphere Blanket of gases forming the 
air that surrounds Earth and that performs 
the functions of absorbing sunlight, circulat- 
ing moisture, and protecting the planet. 


Aviation Group of activities connected with 
flying and making aircraft. 


Avionics Electronic systems and equipment 
on aircraft and spacecraft. 


Ballistics Scientific study of projectiles. 
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Biplane Airplane with upper and lower 
wings on each side. 


Delta wing Airplane wing with a long, 
swept-back leading edge and a short, 
Straight trailing edge. 


Drag Backward force on a moving object, 
such as an airplane, produced by the 
Surrounding air resisting the movement 
of the object passing through it. 


Elevator Movable panel on an airplane’s 
tailplane that controls the aircraft’s pitch 
(movement about its lateral axis). 


Force Influence that produces a change in 
motion or direction, such as a push or the 
thrust of a jet engine. 


Fuselage Central part, or body, of an 
airplane. 


Gravity Attraction of objects to the center 
of Earth or to another planet or body. 


Jet Nozzle through which fluids are forced 
to produce thrust; the rush of fluids pro- 
duced by a jet; or an airplane with an 
engine that uses jet power. 


Launch vehicle Rocket or other form of 
launcher that takes a spacecraft into space. 


Lift Upward force produced by the effect 
of an airfoil shape passing through air. 


Lighter-than-air Filled with gas lighter than 
the surrounding air—an airship, for example. 


Missile Object, such as an exploding 
weapon, launched to strike at a target. 


Module Independent unit of a spacecraft. 
Monoplane Single-winged airplane. 
Navigation The steering of a course. 


Orbit Following a path, usually elliptical in 
shape, around an object; also the path of an 
orbiting object. 


(c) 2011 M.E. Sharpe, Inc. All Rights Reserved. 


VOLUME GLOSSARY 


Payload Load carried by a spacecraft or air- 
craft for delivery or for use on a mission. 


Piston engine Type of engine that uses a 
piston, a sliding drum or disk forced down 

a cylinder by combusted fuel, to produce the 
power that moves a vehicle. 


Pressurized Maintained at a near-normal air 
pressure—for instance, the air in the cabin of 
a high-altitude airplane or in a spacecraft. 


Propeller Set of blades, attached to a hub, 
that change an engine’s torque into the 
thrust that moves an aircraft through air. 


Prototype Original model or version of 
something, such as a new type of aircraft. 


Radio wave Two waves of energy, one 
magnetic and one electrical, that travel 
together at the speed of light and form an 
electromagnetic wave that can carry infor- 
mation, such as sound, when it is added to 
the wave. 


Rocket Type of jet engine used as a launch 
vehicle for spacecraft or as a missile when 
launched at a target. 


Rotor Turning part of a machine, such 
as the turning blades of a helicopter. 


Satellite Any object that travels in orbit 
around another object, such as a moon 
around a planet. Satellites sent into orbit 
from Earth are sometimes defined as 
artificial satellites. 


Sensor Device that picks up a signal—from 
heat, light, or movement, for example—and 
transmits a message to a control system or 
alarm system. 


Strategic Used as part of a strategy—for 
example—a weapon, missile, or aircraft that 
is so destructive that it is kept by a group 
or nation as a deterrent to stop others from 
attacking. 


Streamlined Shaped in a smooth and flow- 
ing way designed to minimize air resistance. 


Supersonic Faster than the speed of sound. 


Swept wing Wing that is angled backward 
from an aircraft’s fuselage (instead of being 
at right angles to it) for high-speed flight. 


Swing-wing (Also called variable geometry.) 
Wing that can be varied from sweptback to 
regular position for different flight speeds. 


Tailhook Hook situated on the underside of 
an aircraft and used during landing to catch 
hold of braking cables on an aircraft carrier 
deck to slow and halt the plane. 


Throttle Valve that regulates the flow of 
fuel to an engine, thereby increasing or 
decreasing thrust and speed. 


Thrust Force that propels vehicles, such as 
spacecraft and aircraft, and is produced by 
propellers, jet engines, or rockets. 


Torque Force that produces rotation or 
twisting—for example, the force created 
by using a wrench to tighten a nut. 


Transponder Radio or radar receiver that 
emits a signal when it receives a signal. 


Turbine engine (Also called a gas turbine 
or just a turbine.) Type of rotary engine 
in which whirling blades are rotated by 
pressure from burning gas or other fluid. 


Turbulent Moving up and down or in a 
disturbed fashion. 


V/STOL Short for vertical or short takeoff and 
landing and used to describe a type of aircraft 
that takes off and lands in these ways. 


Wind tunnel Piece of equipment used to 
study the effects of air flowing around 
aircraft, spacecraft, and other vehicles. 


X-plane Experimental airplane used for 
developing and testing new ideas and types 
of aircraft. 


Yaw Motion of an aircraft about its 
vertical axis that makes its nose turn 
to the left or right. 
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arnstorming was a form of flying 


Barnstorming 
exhibition that was popular in the 


B 1920s. Stunt pilots flew airplanes 


to entertain crowds in rural areas across 
the United States. The word barnstorming 
originally meant traveling around rural 
districts making political speeches or 
putting on theatrical shows in barns. 


The Performance 

To attract a crowd, the barnstormers 
would fly over a small town, usually at 
low level, to attract attention. Then they 
would land their planes in a farmer’s 
field or showground nearby. Local peo- 
ple would come running, and the pilots 
would distribute handbills and start sell- 
ing tickets for airplane rides for as little 
as $1 (about $10 today). Those who felt 
brave enough climbed in for a short 
flight. Others paid from 25 to 50 cents 
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($2.50 to $5 today) to stand and watch 
the aerobatics. Many people in the 1920s 
had never seen an airplane close-up, so 
they were thrilled to see the aircraft and 
the daring pilots. 

Aerial barnstorming was exciting. 
Many youngsters who later grew up to 
become pilots or to work in the aviation 
industry got their first taste of flying at 
a barnstorming show. 

Barnstormers performed aerobatics, 
such as dives, rolls, and loops. They flew 
upside down, and they zoomed down 
low over the crowd. They raced cars and 
trains. Wing walkers balanced on top of 
airplanes, and parachutists jumped out 
of them. Some performers climbed out 
of one plane into another in midair. 
Other pilots leapt down from a plane to 
a vehicle speeding beneath it or climbed 
out of a moving car into a low-flying 
aircraft. Another unbelievable stunt 
involved playing tennis on the wing! 


© Barnstormer 
Mabel (or Mable) 
Cody flew this 
Curtiss Jenny in 
1921 as Lieutenant 
"Bugs" McGowan 
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BARNSTORMING 


The Fliers 

After World War I ended 
in 1918, there were a lot 
of ex-military planes for 
sale and plenty of veter- 
an pilots looking for 
jobs. Some of these pilots 
took up stunt flying and 
became barnstormers. 
The most popular plane 
they flew was the Curtiss 
JN-4 Jenny, a wartime 
training airplane. Pilots 
could buy a Jenny and fly 
wherever they wanted to offer flying 
displays and rides. 

Groups of pilots formed traveling 
shows, or flying circuses. Well-known 
groups included Jimmy Angel’s Flying 
Circus, the Five Blackbirds, the Flying 
Aces, and the Ivan Gates Flying Circus. 
Ivan Gates toured the United States and 
hired daring fliers such as Clyde 
“Upside-Down” Pangborn and Diavalo, 
“Supreme Daredevil of the Air.” Women 
barnstormers included Bessie Coleman, 
the first African American woman pilot; 
Gladys Ingle, who shot arrows from a 
bow while wing walking; and Mabel (or 
Mable) Cody, whose specialty was danc- 
ing on the wing. Charles Lindbergh, the 
first person to fly the Atlantic solo, and 
Wiley Post, the first to fly around the 
world solo, both spent time flying as 
barnstorming pilots. 

Barnstorming made some pilots 
wealthy, but it was a tough, dangerous 
life. Finding fuel and parts for airplanes 
was not easy in rural areas, and planes 





O Wing walkers still take part in aerobatics 


displays at air shows, usually using vintage 
biplanes such as the one shown here. 


were not always safe to fly. Pilots trav- 
eled long distances, often going without 
sleep for days at a time. There were fatal 
accidents. Bessie Coleman was killed 
while practicing for a show. Lincoln 
Beachey crashed into the San Francisco 
harbor, and Ormer Locklear was killed 
flying a stunt for a Hollywood movie. 

In 1927, the federal government 
tightened aviation laws to stop danger- 
ous stunts and make sure that airplanes 
were properly maintained. The supply of 
cheap Jenny planes dried up, and the 
barnstorming era came to an end. 
Aerobatics and wing walking, however, 
can still be seen today at air shows. 


SEE ALSO: 


e Aerobatics ® Coleman, Bessie 


e Curtiss, Glenn ° Lindbergh, Charles 





135 


(c) 2011 M.E. Sharpe, Inc. All Rights Reserved. 














Tr y J “NX 7y A 
D PS | V il 
— AD x 
RF | i NA — | 

DE f I~ 





Type: Rocket-powered research 
airplane. 
Manufacturer: Bell Aircraft Corporation. 
First flights: nude 19, 1946. 
(unpowered); December 9, 1946 

oe 


Dy 
r 


rimary use: Supersonic testing. 

Pw she Bell X-1 was the first piloted 
aircraft to fly faster than the speed 
Æ of sound in level flight. The flight 


took place on October 14, 1947. 








©) The Bell X-1 was the first airplane to fly 
faster than the speed of sound in level flight. 
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Supersonic Fli ght 
When World War II ended in 1945, it 
had created a legacy of new aviation 
technology. Aircraft designers wondered 
how to use recently developed rocket 
engines and jet engines in civilian fly- 
ing. These developments had opened the 
door to supersonic flight, or flying faster 
than the speed of sound. 

The speed of sound, in air at sea 
level, is about 761 miles per hour (1,225 
kilometers per hour), but it is lower at 
higher altitudes. The speed of sound is 
also known as Mach 1. Twice the speed 
of sound is Mach 2, and three times the 
speed of sound is Mach 3. 
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BELL X-1 


Length: 31 feet (9.5 meters). 
Wingspan: 28 feet (8.5 meters). 
Weight: 12,250 pounds 

(5,562 kilograms). 

Engine: Reaction Motors XLR-11- 
RM-3 four-chamber rocket engine. 
Fuel: Alcohol and liquid oxygen. 
Thrust: 6,000 pounds (2,722 kilo- 
grams or 26,689 newtons). 


The Bell X-1 was shaped like a bullet 
for maximum streamlining. Its wings 
and tailolane were conventional in 
design. (In the 1940s, other experi- 
mental high-speed aircraft had 
strange shapes.) The stuboy-winged 
X-1, however, had hidden secrets. Its 
wings were thin but very strong. A 
Stabilizer, which the pilot could move 
up and down, improved stability and 
control. Later supersonic planes were 
also fitted with stabilizers. 





Although propeller aircraft had 
reached supersonic speed during dives, 
very little was known about how a plane 
behaved at such speeds. Nor did scien- 
tists Know much about the effect of 
high-speed flying on pilots. Designers 
worried that pilots might lose conscious- 
ness or that the plane would become 
uncontrollable. Heat friction and pres- 
Sure waves as the airplane reached 
Supersonic speeds might shatter the air- 
craft into pieces. 


U.S. scientists built the Experimental 
Sonic 1, or X-1 for short, to explore 
these problems. The X-1 was developed 
jointly by the U.S. Air Force, the 
National Advisory Committee for 
Aeronautics, and the Bell Company. Bell 
is now best known for making helicop- 
ters, but in 1942 it built the P-59 
Airacomet, the first jet plane with a 
U.S.-built engine. 


How the X-1 Flew 

The Bell X-1 was basically a rocket 
engine with wings. The engine burned 
all its fuel in 2.5 minutes, and the X-1 
certainly did not have enough fuel to 
take off under its own power—it would 
hitch a ride into the air beneath a B-29 
Superfortress bomber. The bomber 
would climb to 25,000 feet (7,620 
meters) before releasing the X-1. 

The first flights of the X-1, which 
took place in Florida in early 1946, were 
unpowered. The X-1 then began to 
make powered flights from Muroc Army 
Air Field in California’s Mojave Desert. 
(The field was later renamed Edwards 
Air Force Base.) The rocket engine was 
tested for the first time by pilot 
Chalmers Goodlin, who made many 
successful test flights in the X-1. On the 
powered flights, the pilot ignited the 
rocket engine for a brief but very fast 
flight. When the engine cut out, the air- 
plane glided down, landing without 
engine power—a maneuver later used by 
the Space Shuttle. 

At the time the fastest aircraft in the 
world was the British Gloster Meteor, 
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BELL X-1 
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CHARLES ELWOOD "CHUCK" YEAGER (BORN 1923) 


Charles Elwood Yeager, always known as Chuck, was born in West Virginia. He flew as 
a fighter pilot in Europe during World War II, destroying thirteen enemy aircraft before 
being shot down over enemy territory in Europe. He managed to escape capture and 
make his way to England. After the war, Yeager became a flying instructor and test 
pilot, and he volunteered to fly the X-1. Between 1954 and 1962, he left test flying for 
other U.S. Air Force duties before returning to Edwards Air Force Base to head the 
Aerospace Research Pilot School. Yeager continued to fly fast airplanes. He had a nar- 
row escape in the 1960s when his NF-104 jet went Into a spin and fell from a very 
high altitude. Yeager managed to eject and, although injured, parachuted down to 
land in the desert. In 1968 Yeager took command of a fighter wing. He retired in 1975. 





©) Chuck Yeager stands with the Bell X-1 that he named Glamorous Glennis. 
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BELL X-1 


which set a world speed record of 
615 miles per hour (990 kilometers per 
hour) in September 1946. In August 
1947 the Douglas Skystreak topped that 
with 650 miles per hour (1,046 kilome- 
ters per hour). No aircraft had yet flown 
Supersonic in level flight. 


Making History 
By late 1947 the X-1 was ready to show 
what it could do. On October 14, 1947, 
Major Charles “Chuck” Yeager sat in the 
cockpit of the orange-painted X-1 air- 
plane, which he had named Glamorous 
Glennis for his wife. He had to be 
helped into his seat because he had two 
broken ribs from a horse-riding acci- 
dent. A B-29 lumbered down the run- 
way, with the X-1 locked to its belly, 
and slowly climbed to 25,000 feet 
(7,620 meters). Then the signal came— 
release! For a moment, the airplane 
appeared to drop like a stone. Major 
Yeager then switched on the rocket 
engine to burn, and the X-1 took off. 
That day, the X-1 reached a speed of 
679 miles per hour (1,093 kilometers 
per hour). At 42,000 feet (12,802 
meters), this speed is equal to Mach 
1.05, or just above the speed of sound. 
Yeager had become the first person to 
fly at supersonic speed in level flight. 
A few days later, the X-1 rocketed to 
a height of 70,119 feet (21,372 meters), 
setting a new world altitude record. 
The X-1 flew seventy-eight missions, 
reaching a top speed of 957 miles an 
hour (1,540 kilometers per hour) in 
March 1948. 


After the X-1 

Chuck Yeager went on to test the 
X-1’s successor, the X-1A. Flying the 
new rocket plane, he set a world speed 
record of 1,650 miles per hour (2,655 
kilometers per hour) or Mach 2.4, on 
December 12, 1953. 

Two later and more advanced models 
of the X-1 (the X-1B and X1-E) were 
used to study specific areas of high- 
speed flight, including thermal (or heat) 
effects and different wing designs, 
adding to the data about supersonic per- 
formance. The only casualty of the test 
program was the X-1D. The aircraft was 
destroyed in 1951 after it had to be jet- 
tisoned from its B-50 “mother plane” 
following an explosion. 

The Bell X-1 was followed by air- 
planes that flew faster and higher still, 
such as the Douglas Skyrocket. The 
Skyrocket was the first to fly at Mach 2 
(1953). The Bell X-2 broke the Mach 3 
barrier in 1956. The North American X- 
15 was the ultimate in rocket planes. 
Like its predecessor the X-1, the X-15 
was also launched from beneath a 
bomber. It broke record after record, and 
in 1967 flew at Mach 6.7—4,534 miles 
per hour (7,295 kilometers per hour), 
flying so high it was almost in space. 


SEE ALSO: 
e Air and Atmosphere ¢ Aircraft, 
Experimental è Aircraft Design 


e Altitude ° Engine œ Jet and Jet 
Power è Supersonic Flight 
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Benz, Karl, and 
Daimler, Gottlieb 


Dates of birth: Benz: November 25, 
1844; Daimler: March 17, 1834. 
Places of birth: Benz: Karlsruhe, Baden, 
present-day Germany; Daimler: 
Schorndorf, Wurttemberg, present-day 
Germany. 

Died: Benz: April 4, 1929; Daimler: 
March 6, 1900. 

Major contributions: Pioneers in auto- 
mobile engines and founders of a 
company that advanced airplane and 
airplane engine design; Benz: inventor 
of the gasoline-powered automobile; 
Daimler: co-inventor of the first 
powered balloon to fly successfully. 


+ 





©) The Benz three-wheeler of 1885, with its 
internal combustion engine, is widely considered 
to be the first gasoline-powered automobile. 


140 


arl Benz and Gottlieb Daimler 
K were engineers who designed 

pioneering automobiles and car 
engines. Their work produced advanced 
designs that paved the way for aircraft 
engines. The two men never met, but the 
company that formed by merging their 
two businesses later produced important 
German aircraft engines. 

Trained as an engineer, Karl Benz 
took an interest in developing an engine 
for a horseless carriage, or automobile. 
Another German, Nikolaus Otto, invent- 
ed an internal combustion engine using 
a four-stroke piston in 1876. Two years 
later Benz invented a two-stroke version 
that improved on Otto’s design. Benz 
also designed several other key features 
of an automobile, including the spark 
plug, carburetor, clutch pedal, and 
gearshift. In 1885 he invented a vehicle 
run by a gasoline-powered engine. 
Although it had only three wheels, it is 
considered by historians to be the first 
practical, purpose-built automobile. 

By 1899, the company Benz had 
formed was making more than 600 
cars—now with four wheels—each year. 
For several years, his company was a 
leading automaker. A racecar it built in 
1909 set a land speed record of 142 
miles per hour (228 kilometers per hour). 

Gottlieb Daimler also studied engi- 
neering and then partnered with 
Wilhelm Maybach, another mechanical 
engineer, to develop better engines. In 
1885 they placed an engine on a bicycle, 
creating the world’s first motorcycle. 
Two years later, Daimler and Maybach 
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BENZ, KARL, AND DAIMLER, GOTTLIEB 


produced the first speedboat. The 
next year, they placed an engine 
on a balloon, which was flown 
over the town of Seelberg. In 
1890 Daimler and Maybach 
formed a company, but they 
often fell into conflict with other 
managers. Maybach himself left 
the company in 1891, and 
Daimler at one point lost his job 
as technical director. In 1900, 
after several years of ill health, 
Daimler died. 

Both companies suffered in 
the 1920s. Germany’s economy was 
Shattered after the nation’s defeat in 
World War I, and few people had the 
money to buy automobiles. In 1926 the 
companies merged to form Daimler- 
Benz. The new company achieved some 
success. It named its car the Mercedes- 
Benz, combining Daimler’s most popular 
model with the Benz name. Three years 
after the merger, Karl Benz died. 

The company’s gains were partly 
fueled by a new _ field—developing 
aircraft engines. In the late 1920s, 
Daimler-Benz developed a powerful 
twelve-cylinder aircraft engine. In 1934, 
the company produced a landmark air- 
craft engine, the DB600. With more 
power and greater endurance than other 
engines, it was quickly adopted by 
German airplane manufacturers. 

By the late 1930s, Germany’s leaders 
were ignoring a World War I peace 
treaty that had banned Germany from 
manufacturing military airplanes. Many 
of the aircraft built by the Germans 
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©) In November 1885, Gottlieb Daimler installed 
a small version of his innovative engine on a 


wooden bicycle, creating the first gasoline- 
powered motorcycle. It is on display in a 
museum in Neckarsulm, Germany. 


used the powerful DB600 engine or the 
improved DB601. During World War II, 
Daimler-Benz produced more than 
100,000 engines for German planes. 

With Germany’s defeat in that war, 
Daimler-Benz focused once again on 
building automobiles. In the 1980s, 
however, it reentered aviation, buying 
some German plane manufacturing 
companies. In 1998 Daimler-Benz joined 
the U.S.-based Chrysler Corporation to 
form Daimler Chrysler. The new corpo- 
ration is involved in airplane and space- 
craft design and manufacture. 


SEE ALSO: 
e Aircraft, Military ° Engine 


e World War II 
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Bernoulli’s Principle 


ernoulli’s Principle is a law of 
Bes discovered by Daniel 
Bernoulli in the early 1700s. It 
states that when a fluid (either gas or 
liquid) speeds up, its pressure falls. 
Bernoulli noticed that fluids flowing 
through a tube speed up when they 
pass through a narrower part of the 
tube. A tube of this kind, with a narrow 
section, is called a venturi. Bernoulli 
wondered where the extra speed came 
from. He found that it is caused by a fall 
in pressure inside the narrowest part of 
the venturi. 
There is an easy experiment that 
Shows Bernoulli’s Principle in action. 


Venturi tube 
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Blowing air between two regular sheets 
of paper might be expected to force 
them apart. Instead, according to 
Bernoulli’s Principle, the fast flow of air 
lowers the air pressure between the 
Sheets of paper, and the higher pressure 
outside pushes them together. Blowing 
between two sheets of paper actually 
sucks them together. 


Danger at Sea 
Bernoulli’s Principle also explains a 
problem that affects ships. When two 
ships sail together, side by side, there is 
a danger that they will be sucked toward 
each other and collide. The shape of the 
two ships’ hulls creates a gap between 
them that narrows in the middle. This 
Sap is the same shape as a venturi. 
Water speeds up as it squeezes 
through the gap between the two ships. 
According to Bernoulli’s Principle, the 
water pressure here falls. The higher 
water pressure outside the ships pushes 
them together. Ships sailing close 
together, therefore, have to be steered 
carefully to keep them apart. 


Bernoulli’s Principle in Flight 

Venturis are used in the fuel system of 
some small piston engines in aircraft. 
Air flows into the engine through a 
venturi tube. The air speeds up as it 
squeezes through the narrowest part 
of the tube. According to Bernoulli’s 


© This diagram shows Bernoulli's Principle as it 
applies in a venturi tube (top) and to an airfoil 
in flight (bottom). 
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BERNOULLI’S PRINCIPLE 


DANIEL BERNOULLI (1700-1782) 


Daniel Bernoulli was born in Groningen, a 
city In the Netherlands in Europe. The 
Bernoulli family produced a number of 
outstanding mathematicians, but Daniel Is 
the most famous. After gaining a doctorate 
in medicine, he became a professor of 
mathematics at St. Petersburg in Russia in 


1725. In 1733, Bernoulll moved to Basel, 
Switzerland, where his family came from 
Originally. He worked first as a professor of 
anatomy and botany and then of natural 
philosophy at the University of Basel. 


Bernoulli's great work, 
Hydrodynamica, was published in 1738. 


= Daniel Bernoulli's Hydrodynamica included 
a description of Bernoulli's Principle. 





Principle, the air pressure where the tube 
narrows falls. The fuel pipe is connected 
to the venturi at this point. The low air 
pressure inside the venturi sucks a spray 
of fuel droplets into the engine along 
with the air. The part of the engine that 
does this is called the carburetor. 

Bernoulli’s Principle is often used to 
explain how an aircraft wing produces 
lift. The air that flows over the curved 
top of the wing speeds up, and the air 
pressure there falls. Below the wing, the 
air pressure increases. Low pressure 
above the wing and high pressure below 
it are often said to create the upward 
force of lift. 
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In fact, lift is more complex than this. 
The difference in air pressure does not 
explain all the lift produced by the wing. 
The curved shape of a wing and its 
angle, or tilt, deflects air downward. 
According to Newton’s third law of 
motion, to every action there is an equal 
and opposite reaction. So, deflecting air 
downward also produces the upward 
force of lift. 


SEE ALSO: 
e Laws of Motion e Lift and Drag 


e Newton, Isaac ¢ Pressure ®© Wing 
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Biplane 


biplane is an airplane with two 
A« of wings, one above the 

other. The biplane was developed 
from the box kite, which was invented 
by an Australian named Lawrence 
Hargrave in 1893. 

Before the days of powered flight, 
aviation pioneers, such as Otto Lilienthal 
in Germany and Octave Chanute in the 
United States, flew biplane hang gliders. 
They experimented with how to control 
an aircraft carrying a human pilot with 
no engine. The first controlled powered 
flight, in 1903, was made by a biplane, 
the Wright brothers’ Flyer. The first 
powered flight in Europe was also made 
by a biplane, this time flown by a 
Brazilian pilot called Alberto Santos- 
Dumont, in 1906. 


One Wing or Two? 
In the early years of airplane develop- 
ment, engineers were not sure which 
design flew best: the monoplane (with 
one wing) or the biplane (with two 
wings). They tried adding more wings to 
see if this worked. In 1908 the first tri- 
plane (with three wings) took to the air, 
but triplanes never became widespread. 
The biplane appeared to fly more 
steadily than the monoplane. Engineers 
believed this was because two wings 
gave more lift than one wing. In fact, a 
disadvantage of the biplane is that the 
two sets of wings tend to interfere with 
one another, thereby reducing lift and 
increasing drag. 
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©) Glenn Curtiss was one of the first people 


to make successful biplanes. This early Curtiss 
biplane flew at the Wisconsin State Fair in 1911. 


Overall, early wing designs were not 
very efficient. There was little difference 
between the performance of monoplanes 
and biplanes in the days of low-power 
engines and slow speeds. Biplanes were 
stronger than monoplanes, however— 
their wings were braced by taut wires 
and wooden struts. This was important 
in the early days, before 1930, when 
most airplanes were flimsy structures of 
wood and cloth. The wings were an air- 
plane’s weakest point, and it was not 
unusual for the wings to fall off when a 
plane was diving or turning, usually 
with fatal consequences for the pilot. 
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To improve lift and reduce drag, 
biplane designers tried “staggering” the 
wings. This usually meant fixing the 
upper wing slightly in front of the lower 
wing, but there were also biplanes that 
had the lower wing set farther forward. 
Staggering worked quite well, and 
biplanes proved as useful as monoplanes 
for some time. 


Using Biplanes 

Many of the planes that fought in World 
War I (1914-1918) were biplanes. There 
were fighters and bombers built by man- 
ufacturers such as Nieuport-Delage in 
France, Fokker in Germany, and Sopwith 
in the United Kingdom. The first four- 
engine bomber was a_ biplane—Igor 
Sikorsky’s giant Ilya Mourometz—that 
could carry sixteen people at 80 miles 
per hour (129 kilometers per hour). The 
Vickers Vimy airplane that made the 
first nonstop flight across the Atlantic 





Ocean (June 14-15, 1919) was a biplane. 
So was the U.S. Army Air Service Martin 
MB-1 plane that made a “round the rim” 
flight, traveling the perimeter of the 
United States in November 1919. 

In the 1920s, biplanes were used by 
barnstormers for aerobatic displays. 
Biplanes also carried mail and passen- 
gers when commercial airlines started 
running regular services. They were 
widely used by the military, both as 
land-based planes and as naval aircraft 
on the first aircraft carriers. 

Biplanes and monoplanes competed 
on equal terms for the first thirty years 
of powered flight history. No airplane of 
the period could fly much faster than 
around 200 miles per hour (320 kilome- 
ters per hour). The fastest biplane fight- 
ers of the early 1930s, such as the British 
Hawker Fury, had a top speed of only 
210 miles per hour (338 kilometers per 
hour). By the mid-1930s, however, a 
new era was dawning. 
Streamlined mono- 
planes were flying at 
over 300 miles per 
hour (480 kilometers 
per hour). Biplanes 
could not be stream- 
lined, and even with 
bigger engines they 
were unable to com- 
pete in terms of speed. 


© An early airliner, the 
Handley Page 42 (HP-42) 
of the 1930s was a biplane 
with a luxurious lounge. 
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BIPLANE 


THE SESQUIPLANE 


A variation of the biplane is the 
sesquiplane (literally, "“one-and-a- 
half wings"). It has one wing (the 
lower) much smaller than the 
normal-sized upper wing. One of 
the largest of the sesquiplanes was 
the Antonov 2, originally a Soviet 
design of 1947, but later built in 
Poland and China. This sesquiplane 
carried up to twelve passengers, and 
it could land on snow (with skis) or on 
water (with floats) as well as operate 
from small wilderness airfields. 


Biplanes in World War II 

A number of biplane types were still in 
military service when World War II 
began in 1939. Most were soon with- 
drawn, although there were exceptions. 
The last frontline biplane with the U.S. 
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Navy was the Curtiss SBC Helldiver, a 
dive bomber that was still flying at the 
time of the Japanese attack on Pearl 
Harbor in 1941. The Curtiss Seagull 
scout plane served with the U.S. Navy 
from 1933 until the end of World War IL. 
This aircraft had the unusual distinction 
of outlasting at least two later designs 
intended to replace it. So did the Fairey 
Swordfish torpedo plane, which flew 
from British aircraft carriers during 
World War II naval battles, despite hav- 
ing a top speed of only 138 miles per 
hour (222 kilometers per hour). 

Many wartime pilots learned to fly in 
a two-seater biplane. The De Havilland 
Tiger Moth, first flown in 1931, was still 
in use in the early twenty-first century. 

Another very successful trainer 
biplane was the Boeing/Stearman Model 
75, which became the standard World 
War II trainer for the U.S. military. 


€) World War II pilots trained in biplanes, such as 
this De Havilland Tiger Moth. 
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BIPLANE 





O Vintage biplanes are used today for recreation 
and for aerobatics demonstrations. These airplanes 
are flying while tied together. 


Lloyd Stearman started building 
biplanes in 1927, and the Stearman 
Company became part of Boeing in 
1939. Being slow and safe to handle, the 
Boeing/Stearman Model 75 was ideal for 
pilots who were learning basic flying 
skills. Ten thousand Model 75s, known 
unofficially as Kaydets, were built before 
1945. After the war, many Model 75s 
were sold to the air forces of other 
nations, while others ended up as agri- 
cultural airplanes. 


Modern and Vintage Biplanes 

Biplanes can still be seen flying today. 
They are useful as general aviation 
workhorses, doing such jobs as crop 
dusting, geological surveying, and air 
photography. Some are flown by vintage 
airplane enthusiasts. They enjoy the sen- 
sation of piloting a plane with an open 
cockpit and listening to the roar of the 
engine and the humming of the wires 
and struts in the wind. Biplanes are also 
superb for aerobatics because of their 





Boeing/Stearman Model 75 


Type: Two-seat basic trainer. 
Construction: Wood and fabric 
wings, metal frame body. 

First flight: 1933. 

Engine: One radial piston engine. 
Primary use: Training. 

Top speed: 124 miles per hour 
(200 kilometers per hour). 


strength and their stability at low 
speeds. One outstanding aerobatic plane 
is the Pitts Special, a design first flown 
in 1947. Today, it remains one of 
the most powerful, agile aerobatic stunt 
planes, thrilling crowds at air shows 
around the world. 


SEE ALSO: 
e Aerobatics è% Kitty Hawk Flyer 
e Lift and Drag e Lilienthal, Otto 


e World War I e World War II 
e Wright, Orville and Wilbur 
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Bird 


irds are warm-blooded vertebrates 
B with wings instead of forelimbs or 
arms. Birds are the only animals 
with feathers. These strong but delicate 


structures keep a bird warm and help 
it to fly. 


The Study of Flight 
The first people to dream of flying 
undoubtedly gazed at birds. Birds are 
truly masters of the air, although other 
animals, such as insects and bats, also 
fly. Scientists of old must have watched 
a bird or a bee and puzzled over how 
these creatures flew. Today’s scientists 
have analyzed the aerodynamics of the 
bumblebee and are amazed that this 
insect can even get off the ground! 
People in ancient times thought they 
could imitate bird flight. It looked so 
easy—if a swan or a goose could fly 
simply by flapping its wings, why not 
a human? So inventors tried to fly by 
Strapping feathery wings to their arms 
and leaping from high towers, waving 
their arms. Sadly, like Icarus in the 
ancient Greek myth, they crashed to the 
ground. A machine called an ornithopter 
can fly by flapping its wings, but a 
person cannot. 


Bird Anatomy 

Some birds have as few as 900 feathers, 
while others have more than 25,000. 
This does not make much difference in 
their flying skills. The secret of flying is 
the bird skeleton. Bird bones are very 
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light, but very strong—many bird bones 
are hollow. Because the bones are also 
fused (joined together), a bird has an 
amazingly strong frame, although it 
weighs little. Even the world’s heaviest 
flying bird—a bustard—weighs only 40 
pounds (18.2 kilograms). 

The largest muscles in a bird’s body 
work the wings (although in flightless 
birds, such as the ostrich, these big 
muscles work the legs). The wing 
muscles are in the chest, below the wing. 
The muscles are attached to the upper 
wing by tendons that work like pulleys. 
This streamlined body design gives the 
bird a high power-to-weight ratio, just 
like an aerobatic airplane. Its muscles 
provide the engine power to drive the 
wings. To fuel those muscles, most birds 
need a lot of food every day. Birds can 
inhale large amounts of air very quickly, 
using the oxygen to help provide energy 
for rapid flight. 

A bird’s wings are equivalent to a 
person’s arms, with long “finger” bones 
carrying flight feathers, the longest 
feathers. The bird wing is curved like an 
airplane wing—slightly rounded on top, 
flatter underneath. This curved shape 
forces air to speed up when flowing over 
the top surface. The faster the airflow, 
the less air pressure there is above the 
wing. Because high-pressure air always 
moves to fill low-pressure space, the air 
beneath the wing moves upward. This 
movement creates lift beneath the wing, 
and the bird flies. 

Wing shapes are a clue to how differ- 
ent birds fly. Fast-flying birds, such 
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as swifts and swallows, 
have long, narrow wings, 
often swept back like a 
jet fighter. Soaring birds, 
such as vultures and 
buzzards, have broad 
wings. Gliders—the alba- 
tross, for example—have 
long, straight wings. 
Birds that need rapid 
takeoffs (like pheasants 
and prairie hens) and 
small birds that nest in 
shrubs or undergrowth 
usually have quite short, 
stubby wings. 


Flapping Flight 
There are two kinds of 
bird flight: flapping and 
gliding. During flapping 
flight, the bird beats its 
wings up and down. The 
large primary feathers in 
the wing do most of the 
propulsion; the smaller secondary feath- 
ers help to maintain lift. The wings move 
in two directions while flapping: up and 
down and in a circular or figure 8 move- 
ment. The wingtips move faster and 
farther than the rest of the wings. The 
smaller the bird, the faster its wings flap. 
The downbeat is the power stroke. On 
the downbeat, the wing feathers overlap 
closely so that air cannot pass through 
them but is instead pushed downward. 
The wing moves downward and forward. 
The primary feathers are bent back at 
their tips so the wing performs like a 





ODA bird's skeleton is light due to its many hol- 
low bones. It is strong because important bones, 


such as vertebrae, are fused together. Combined 
with feathers and wing shape, a bird's skeleton 
is the key to its ability to fly. 


propeller, pulling the bird forward. 
Power is produced on the upbeat, too, 
although less so than on the downbeat. 
As the wing moves upward, the primary 
feathers are bent back and move apart a 
little, fanning open to allow air to slip 
through the gaps between them. This 
reduces wind resistance and saves energy. 
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THE SPEED OF BIRDS 


Peregrine falcon: 200 miles per 
hour (320 kilometers per hour) 
In a dive. 


Spinetailed swift: 105 miles per 
hour (170 kilometers per hour). 
Canvasback duck: 65 miles per 
hour (105 kilometers per hour). 
Pigeon: 60 miles per hour 

(96 kilometers per hour). 





Gliding 

Gliding uses less energy than flapping. 
The bird stretches its wings and coasts 
through the air, as gulls do when return- 
ing to their cliff-top roosts at sunset. 
Gliding birds can also soar (rise high) by 
seeking out rising currents of air, or 
thermals. Vultures using thermals circle 
effortlessly for hours at a time, and they 
can soar very high—one African vulture 
collided with an airplane at 37,000 feet 
(11,280 meters). Birds soar, too, on 
uplifts of air pushed up by a hillside or 
cliff or formed where blocks of warm 
and cold air meet. 

Seabirds, such as gulls, make use of 
the different wind speeds in the air 
above the ocean. Over the sea, wind 
speed is reduced close to the water 
because of friction with the waves. The 
fastest wind speeds are usually between 
50 and 100 feet (15 and 30 meters) 
above the waves. Some seabirds, such as 
fulmars, use these faster-moving winds 
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to pick up speed and then glide down 
with the wind behind them to skim low 
above the water. Their momentum takes 
them up again into the wind. For such 
maneuvers, long wings provide stability 
as well as high speed. 


Hovering 
Some birds can hover in the air, using 
their wings and tail to maintain posi- 
tion. They hover usually to feed or spot 
prey below. Kestrels and terns can do 
this, but the hovering champion is the 
hummingbird, which not only hovers, 
but is the only bird able to fly backward. 
Hummingbirds hover by beating their 
wings backward and forward so fast that 
they produce lift without propulsion. In 
this way, the bird stays in one place 
when feeding from flowers. Kestrels use 
a Slightly different hovering technique. 
This bird flies into the wind at exactly 
the same speed as the wind, so that one 
force balances the other. 


Takeoff, Climbing, 

and Steering 

When a bird takes off, it usually does so 
into the wind, like an airplane. To get 
airborne, it must produce enough for- 
ward momentum to generate lift. A 
small bird takes a short run or jumps 
into the air from a perch, such as a 
branch. A large, heavy bird needs a 
takeoff run, just like most airplanes. 
Water birds, such as ducks, often skitter 
across the surface of water, paddling 
with their feet to build up speed. Swifts 
have short legs and seldom walk on the 
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WING SPEEDS 


Tiny hummingbirds flap their wings 
so fast—more than fifty times per 
second—that the wings are just a 
blur. The fastest wing beat of any 
bird is that of the horned sungem, 
a South American hummingbird 
Species that beats its wings ninety 
times per second. A heron needs to 
flap its wings only two times per 
second, and condors can stay in the 
air for 50 miles (80 kilometers) or 
more, using air currents, without 
beating their wings once. 


© A hummingbird can hover over a 
flower to feed by flapping its wings 
more than fifty times in a second. 





ground. They just drop from their nests 
and open their wings. 

To climb higher through the air, a 
bird tilts its wings to increase the angle 
of attack. This action pushes more air 
over the top of the wing. If the angle 
became too steep, turbulence in the 
airstream could cause the bird to stall— 


it would stop climbing and could start 
falling. To prevent a stall, the bird uses a 
tuft of feathers (called the alula) on its 
“thumb.” This tuft can be spread forward 
to form a slot on the leading edge, or 
front of the wing. Air rushes through the 
Slot, preventing turbulence and keeping 
a fast flow of air over the wing. In nor- 
mal flight, the tuft is folded back against 
the wing. This is similar to the slots and 
flaps used on the wings of airplanes. 

A bird steers by tilting its body and 
wings and using its tail as a rudder. 
Birds can twist and turn sharply to avoid 
obstacles (such as tree branches) and to 
escape a pursuing predator. Tail shape 
does not seem to affect a bird’s control 
very much. A swift twists and turns 
when chasing flying insects, yet it has 
a Short tail. Swallows fly very similarly, 
at high speeds, with long, forked tails. 
A partridge can turn sharply using its 
broad wings rather than its stubby tail. 


Descent and Landing 

Landing can be tricky, especially if a 
bird is aiming to perch on a twig or tele- 
phone wire. To slow down, a bird uses its 
tail as a brake, spreading the tail feath- 
ers to increase drag. Its body adopts an 
upright position, and the legs swing 
forward to absorb the shock of impact, 
just as an airliner lowers its landing 
gear. The bird beats its wings to main- 
tain control and uses backbeats (similar 
to an airline pilot using reverse thrust 
on a plane’s engines) to slow down. Its 
feet reach out to get a firm grip on the 
chosen landing place. 
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©) An eagle comes in to land on the branch of 


a tree with its feet outstretched, like the landing 
gear on an airplane. 


Bigger birds often take a step or two 
on landing to regain balance, folding 
their wings as they complete the land- 
ing. Water birds come down rather like 
seaplanes, using their feet as water skis 
as the water slows them down. Some 
birds, such as fulmars and albatrosses, 
spent most of their lives flying over the 
ocean—even sleeping on the wing—and 
come to land only to breed. 

Hunting birds use a variety of differ- 
ent techniques to descend when they are 
hunting prey. A buzzard flies high in 
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circles before swooping down to attack. 
A peregrine falcon launches itself on its 
target in a high-speed dive while it folds 
in its wings to reduce wind resistance. 
Some birds, such as gannets and boo- 
bies, dive straight into the ocean to 
catch fish. 


Migration and Navigation 

Like airplanes, some birds fly in forma- 
tion. Many people have admired the 
V-formation of a group of geese in 
flight. Formation flying offers an aero- 
dynamic benefit: each bird gets extra lift 
from the slipstream (the air pushed back) 
of the bird in front. The formation also 
keeps the birds together on long flights. 
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Some birds make incredibly long 
journeys during migration, crossing 
oceans and continents. Small migratory 
birds usually fly at night, stopping dur- 
ing the day to rest and feed. Larger birds 
often fly by day, resting at night. 

How birds navigate is not clearly 
understood. They rely on instinct in 
some mysterious way. The European 
cuckoo lays its eggs in the nest of anoth- 
er breed of bird and flies away, leaving 
the chick to be raised by host parents. 


©) Geese fly in formation during migration. The 
formation helps keep the flock together. 


The young cuckoo, without ever having 
had contact with its real parents, will 
then fly south to Africa in winter as 
those parents did. Birds follow visual 
landmarks such as rivers and mountains, 
and it is thought they also navigate by 
the stars and by Earth’s magnetic field. 
Many birds return to the same nesting 
site year after year. 


SEE ALSO: 
e Aerodynamics ¢ Energy ¢ Lift and 


Drag e Myths and Legends e Wing 
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Black Box 


black box is a recording 
Astin carried by commercial 

and military aircraft and aboard 
the Space Shuttle. Designed to survive a 
crash, it is used to find out how an acci- 
dent occurred. Airplane crashes are very 
rare, but when a fatal accident does 
happen, it is important to find the cause. 
Knowing why one aircraft crashed may 
help to prevent other accidents. 

After an accident, a team of investi- 
gators search through the wreckage, 
looking for clues. They also look for the 
piece of equipment referred to as the 


THE FIRST BLACK BOX 


The development of the black box 
flight recorder began in Australia in 
the 1950s. There had been a series of 
alr crashes with no witnesses and no 
survivors. It was very difficult to find 
out what caused them. Dr. David 
Warren at the Aeronautical Research 
Laboratories of Australia wondered 
if a plane could be fitted with a 
recorder to give investigators infor- 
mation about a crash. His work 
resulted in the first flight data 
reCcOnceaein> Eee St OER 
boxes used magnetic tape to record 
and store information—today’s flight 
recorders use computer chips. 
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black box. In fact, black boxes are not 
black—they are bright orange—and there 
are usually two of them. 

The flight data recorder, one of the 
two black boxes, is the size of a large 
shoebox. To survive a crash, the box is 
made to withstand a force of 3,400 times 
the force of gravity for 6.5 milliseconds. 
(A millisecond is one-thousandth of a 
second.) It also withstands fire and being 
submerged in liquid. 

The flight data recorder records hun- 
dreds of pieces of information about an 
aircraft. The data includes the aircraft’s 
speed, height, and direction. The device 
also records the positions of controls, 
the positions of the rudder and other 
control surfaces, and the engine speed. 

The other black box is the cockpit 
voice recorder. It records sounds picked 
up by microphones in the cockpit. The 
pilots’ voices are recorded on one micro- 
phone. Another microphone in the cock- 
pit roof records the sounds of alarms, 
clicks of switches, and other background 
noises. At any moment, the box has 
retained the last thirty minutes to two 
hours of sound as a recording that can 
be retrieved if a plane crashes. 

The information from both boxes is 
stored in computer chips. The chips are 
inside an extremely tough package 
called the crash survivable memory unit. 
The unit’s case is made of stainless steel 
or titanium. It is lined with fireproof 
insulation. To test the case’s toughness, 
the unit is fired out of a cannon and 
burned in a fire at 2000°F (1093°C) for 
an hour. 
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> After an airplane 
crash above the 
Brazilian rain forest in 
2006, soldiers found 
the black box of the 
Boeing 737 that had 
collided midair with 

a small business jet. 


Some versions 
of the black box 
contain the flight 
data recorder and 
voice recorder in 
one unit. Whether 
they are combined 
or separate, black boxes are usually 
installed in the plane’s tail, where they 
are most likely to survive. They may be 
thrown out of a plane by the impact of 
a crash, so they are designed to be easy 
to find. Apart from their bright color, 
they are fitted with a locator beacon that 
Switches on automatically if the recorder 
lands in water. It emits an ultrasound 
pulse every second for a month. Divers 
or underwater craft can use the signal to 
locate the recorder. When a black box is 
found, the information in its memory 
can be downloaded and studied. 

In the United States, black boxes are 
taken to the National Transportation 
Safety Board for expert analysis. 
Investigators include safety officials and 
representatives of the aircraft manufac- 
turer and operating airline. Together, 
these people try to piece together what 
happened in the last moments of a 
flight. Recorded conversations between 
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©) The flight data recorder is bright orange so 
it can be easily seen among debris after a crash. 
It is built to survive a huge impact. 


pilots can give clues, even if the pilots 
themselves did not know the cause of 
their problem. The flight data recorder 
offers minute detail of what the airplane 
was doing at any given second. 


SEE ALSO: 


e Cockpit œ% Pilot 
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Bleriot, Louis 


Date of birth: July 1, 1872. 

Place of birth: Cambrai, France. 

Died: August 2, 1936. 

Major contributions: First person to fly 
across the English Channel; first person 
to fly with two passengers; developer 
of the system for controlling direction 
and elevation; director of a company 
that produced an important fighter 
plane of World War I. 

Awards: Member of France's Légion 
d'Honneur. 


hen he was a young man, 
WV iu Blériot made a small 
fortune by manufacturing 


headlights for automobiles. He then 
became fascinated by aviation. 


Early Attempts 

Beginning in 1900, Blériot tried various 
aircraft designs, including one with bat- 
like wings flapped by the engine, several 
biplanes (with two sets of wings), a 
monoplane (single wing), and a design 
that had one wing set behind another. 
All of these test planes crashed. 

Blériot returned to a single-wing 
design and developed an airplane—the 
Blériot VI—with a modern appearance. 
The engine was in front, with large 
wheels underneath. The rudder and ele- 
vator were in the rear, and a smaller 
wheel was mounted below the tail. The 
plane’s body was completely covered, 
and there were no support wires visible 
on the exterior. 
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©) Louis Blériot, shown here in his monoplane, was 


famous for his feat of flying the English Channel. 


Blériot flew the plane 240 feet (73 
meters) before it crashed, and he decid- 
ed to perfect the design. As he tinkered, 
he developed a joystick to adjust eleva- 
tion and a bar under his feet to change 
direction. Similar systems are still used 
in aircraft today. 

By 1909, Bleriot’s fortune was nearly 
gone, but he did not give up. Spurring 
him on was a large cash prize offered by 
the Daily Mail, a British newspaper, to 
the first person to fly across the English 
Channel (the stretch of water between 
England and France). 


The Channel Crossing 

Bleriot’s next design, the XI, showed 
promise. In July 1909, he set out for 
northern France to try the English 
Channel crossing. 

There, he found two other fliers 
hoping to win the prize. Count Charles 
de Lambert crashed his plane, built by 
the Wright brothers, in a test run and 
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withdrew from the contest. The sec- 
ond flier, Hubert Latham, took off 
on July 19, 1909, but crashed into 
the Channel. After being rescued, he 
called for another plane to be 
brought so he could try again. 
Several days of bad weather pre- 
vented anyone from flying, however. 

Early on the morning of July 25, 
the weather cleared and the wind 
eased. While Latham slept, Bleriot 
decided to make the attempt. At 
4:35 AM., with dawn breaking, he 
took off. Latham was awakened, but 
by the time he was ready, the wind had 
picked up, and he could not fly. 

Flying without a compass, Bleriot 
could only guess that he was heading 
north. After about thirty minutes, Blériot 
spotted southeastern Britain. He landed 
on a field in triumph. In thirty-seven 
minutes, Bleriot had conquered the 
English Channel. 


OPEN TO ATTACK 


Bleriot's flight across the English 
Channel provoked anxiety in the 
United Kingdom. For centuries, the 
English Channel had been a barrier 


to invasion. After Blériot’s flight, 
newspaper editorials warned that 
the country would no longer be safe. 
In time of war, they said, planes 
COUNCIL. ThOnne the meOnLINent .t0 
attack the Island. 











©) Blériot's airplane was photographed as it 
approached the English coast during its historic 
flight from France on July 25, 1909. 


Later Life 
Bleriot’s feat gained him great fame and 
success. Very quickly, orders for his 
monoplanes poured in, helping him 
build another fortune. He took part in 
forming a company that made one of 
the most popular fighter planes of World 
War I, the SPAD. After the war, Blériot 
manufactured commercial planes. 
Blériots flying career did not last 
much past his English Channel crossing. 
Later in 1909, he suffered an injury in 
another crash that forced him to give 
up flying. He continued to promote 
aviation and improvements in aircraft 
design until his death in 1936. 


SEE ALSO: 


e Aileron and Rudder ¢ Biplane 


e Fighter Plane e World War I 
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Boeing 
he Boeing Company is the world’s 
i largest manufacturer of airplanes 
and a leader in the manufacture of 
space vehicles, satellites, and defense 
equipment. Boeing’s headquarters are in 
Chicago, Illinois. 





Industry Leader 


The two main divisions of the company 
are Boeing Commercial Airplanes, based 
at Renton, Washington, and Boeing 
Integrated Defense Systems in St. Louis, 
Missouri. A key sector is the research 
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group, Phantom Works, which designs 
advanced aircraft. Phantom Works prod- 
ucts include the Bird of Prey stealth 
aircraft and the X-45 unmanned Combat 
Air Vehicle. 

Boeing has grown into one of the 
world’s most powerful industrial giants. 
It has absorbed other airplane manufac- 
turers over the years, such as Stearman 
(1939), Vertol (1960), Rockwell (1996), 
and McDonnell Douglas (1997). Boeing 
has for many years been the biggest 
supplier of aircraft to the world’s 
commercial airlines. In the 2000s, how- 
ever, the company has been challenged 
as market leader by its European rival 
Airbus. Boeing ranks second in defense 
equipment, behind Lockheed Martin. 


Boeing’s Many Products 
The company builds a wide range of 
commercial airplanes, from the long- 
serving 747 airliner to the new 787 
Dreamliner. Military aircraft include the 
C-17 Globemaster, the CH-47 Chinook 
twin-rotor transport helicopter, the AH- 
64D Apache attack helicopter, and the 
V-22 Osprey tilt-rotor V/STOL airplane. 
The company has a huge program of 
fighter planes, including F/A-18 Hornet, 
F-15 Eagle, and F-22 Raptor fighters. In 
partnership with the Northrop Grumman 
Corporation, Boeing built the B-2 stealth 


G The Boeing Company is headquartered at 

this building in Chicago, Illinois. Approximately 
155,000 people in sixty-seven countries work for 
Boeing. More than half the company's employees 
have college degrees. 
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bomber. Some of its famous vintage air- 
planes, such as the B-17 of World War II, 
are still flown at air shows, while the 
giant B-52 bomber remains in service 
with the U.S. Air Force more than fifty 
years after it first thundered into the 
Skies in 1952. 

Boeing’s space and missile develop- 
ment began with the Bomarc missile in 
the 1950s. Boeing built the first stage 
of the Saturn V rocket for the Apollo 
program as well as the Lunar Roving 
Vehicle used by Apollo astronauts for 
exploring the Moon. The company’s 
current satellite activities include the 
Sea Launch communications satellite 
system. Boeing is also actively involved 
in both the Space Shuttle and the 
International Space Station programs. 


How Boeing Began 
William Boeing, founder of the aero- 
Space giant that bears his name, was 


O Boeing's plant at Everett, Washington, is the 


world's largest building by volume. It encloses 
472 million cubic feet of space (13.3 million 
cubic meters). It covers 98.3 acres (39.9 hectares). 


born in 1881 in Detroit, Michigan. His 
father was a wealthy mining engineer 
of German origin. After graduating in 
engineering from Yale University, 
William Boeing made his own fortune 
trading forestlands in Washington State. 
Airplanes, however, were his main inter- 
est. In 1910 he went to Los Angeles to 
watch planes gather at the first air meet 
to be held in the United States, but to his 
disappointment failed to persuade any 
of the pilots there to take him for a flight. 

Boeing found a partner in a U.S. 
Navy engineer named George C. 
Westervelt. The two young men were 
convinced that they could build air- 
planes, and they began work on a 
biplane. Having taken to the air for the 
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first time as a passenger in a Curtiss 
biplane, William Boeing learned to fly in 
1915, taking lessons from pioneer pilot 
Glenn L. Martin. 

The first Boeing airplane was the 
Model 1, also known as the B&W. It was 


THE 200 MONOMAIL 


In 1930 Boeing showed its most advanced 
plane to date. The Boeing 200 Monomail 
was an all-metal, low-wing monoplane 
with a sleek, streamlined shape. The pilot 
Sat In an open cockpit. The plane's top 
speed was 158 miles per hour (254 kilo- 
meters per hour) at 14,000 feet (4,270 
meters), and it had a range of 550 miles 
(885 kilometers). Built primarily as a fast 
mail carrier aircraft, the Monomail led to 
the development of the Boeing 214 and 
215 bombers. Although their designs were 
promising, the bombers failed to win a 
government contract. 
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©) This panoramic photograph of Boeing's wing 
room in its Seattle, Washington, factory was taken 
In 1922. 


a biplane with floats for landing on 
water, and it flew for the first time on 
June 29, 1916. Its top speed was only 75 
miles per hour (121 kilometers per hour). 

Westervelt went his own way, and 
Boeing set up a business, Pacific Aero 
Products, to build the B&W. In April 
1917, Pacific Aero Products became the 
Boeing Airplane Company, based in 
Seattle, Washington. Boeing sold air- 
planes to the government—the United 
States was now engaged in World War I. 


The Boeing Aircraft Company 

During the 1920s, Boeing won govern- 
ment contracts for airplanes such as the 
Boeing 15, a biplane fighter that entered 
service with the U.S. Navy in 1925. The 
15 was followed by the 21, a primary 
trainer. The 40, a mail plane ordered by 
the U.S. Postal Service, was flown from 
1927 on the San Francisco-Chicago 
route. The newly formed Boeing Air 
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Transport Corporation managed and 
flew the mail route. 

Throughout the 1920s and 1930s, 
Boeing gained valuable experience in air 
transportation, flying its first purpose- 
built passenger plane, the 80, in 1928. 
The three-engine 80 airplane could carry 
eighteen passengers at up to 138 miles 
per hour (220 kilometers per hour). 
Boeing was also successful in selling 
fighter planes, such as the P-12 and P-26 
pursuit planes. 


Dividing the Company 
William Boeing still dreamed of a new, 
fast airliner. This dream came true in 
1933 with the Boeing 247. The 247 is 
widely regarded as the first “modern” 
airliner. It was a low-wing, twin-engine 
monoplane, made completely of metal 
and with retractable landing gear. The 
247 was flown by a pilot and copilot, 
while a flight attendant catered to the 
ten passengers. Two Pratt & Whitney 
Wasp radial engines gave the 247 a 
speed of 200 miles per hour (320 kilome- 
ters per hour), and it could fly for 745 
miles (1,200 kilometers) before refueling. 
By 1934, Boeing was operating an 
airline and manufacturing aircraft, 
which was prohibited by a new law (the 
1934 Air Mail Act). The federal govern- 
ment ordered that Boeing be divided, 
and the company was split into United 
Aircraft, United Air Lines, and the 
Boeing Airplane Company. 


© Workers install fixtures to the tail fuselage of 
a B-17 bomber in 1942. 


In 1939 Boeing released the elegant 
314 Clipper flying boat. Designed for 
passenger routes over the oceans, the 
Clipper had a range of 3,500 miles 
(5,630 kilometers). The same year, how- 
ever, World War II halted commercial 
flying between the United States and 
Europe and brought an end to the flying 
boat era. 

Aircraft manufacturers had begun 
to design new warplanes some years 
before World War II began in Europe in 
September 1939. In May 1934 the U.S. 
Army issued a specification for a new 
bomber, and Boeing came up with the 
four-engine 299, which was first flown 
on July 28, 1935. Three weeks later, the 
299 flew nonstop for 2,100 miles (3,380 
kilometers) at an average speed of 252 
miles per hour (406 kilometers per hour). 
Boeing’s delight at this success turned to 
gloom when, in October, the bomber 
crashed on takeoff. New prototypes were 
quickly in the air, however; the Y1B-17, 
first flown on December 2, 1936, became 
the B-17 Flying Fortress. 
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Boeing in World War II 

Business boomed as World War II pro- 
geressed. At peak production in 1944, 
Boeing’s Seattle plant rolled out sixteen 
new planes in twenty-four hours. 
During World War II, B-17s flew day- 
light bombing raids, relying on their 
armament of thirteen machine guns for 
defense against enemy fighters. 

The B-17 was succeeded in 1942 by 
the B-29. The B-29 was twice as heavy; 
it had a top speed of 358 miles per hour 
(576 kilometers per hour) and a range 
of 3,250 miles (5,230 kilometers). The 
manufacture of the B-29 was spread 
all around the nation. Thousands of 
subcontractors supplied the airplane’s 
components to four production plants: 
Boeing at Renton, Washington, and 
Wichita, Kansas; Bell at Marietta, 


Georgia; and Martin at Omaha, Nebraska. 

From the B-17, Boeing developed 
the 307 Stratoliner (1938), the first 
pressurized airliner, which seated thirty- 
three passengers. The B-29 gave rise to 
a cargo plane, the 367 (1944), and a 
passenger carrier, the 377 Stratocruiser. 
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This was Boeing’s last, big, piston- 
engine airliner. In the 1940s and early 
1950s, the 377 carried 117 passengers 
from New York City to London at 340 
miles per hour (547 kilometers per hour). 


Boeing Jets 

Boeing entered the jet age in 1947 with 
the B-47 Stratojet, a swept-wing bomber 
with six jet engines. Its “big brother” 
was the B-52 Stratofortress (1952), 
which became the U.S. Air Force’s 
primary strategic bomber. The B-52’s 
success showed that manned airplanes 
still had roles in the missile age and that 
a good design could be updated several 
times. In 1952, Boeing also built its first 
missile, the Bomarc. 

Boeing was the first manufacturer 
in the United States to see the potential 
in commercial jet travel. In 1952 
Boeing’s designers began work on a 
jet airliner, known as “Dash-80” to 
employees but marketed as the Boeing 
707. Like most Boeing designs, it built 
on earlier experience: the 707’s wings 
were similar to the wings of the B-47, 
but it had four engines, 
each one separately 
mounted on an under- 
wing pylon. 


GA Boeing 777 was on 
display at the Paris Air Show 
in France in 2005. The 777, 
released in 1994, was the 
first Boeing civil airplane with 
a fly-by-wire (electronic) 
control system. 
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William Boeing, the company 
founder, lived to see the new 707 fly in 
1954; he died two years later. In 1958 
the 707 started transatlantic services, 
capturing a lead for Boeing in the com- 
mercial jetliner market that the company 
retained for a half century. The 707 had 
a cruising speed of 605 miles per hour 
(973 kilometers per hour) and could 
carry 147 passengers over a distance of 
5,755 miles (9,260 kilometers). Boeing’s 
707 design led to other successful air- 
planes, such as the E-3A Sentry AWACS 
airplane. It also resulted in the develop- 
ment of the KC-135 tanker, used by the 
U.S. Air Force for inflight refueling. 


Bigger Passenger Carriers 

In the late 1960s, Boeing produced new 
jet airliners for short- or medium-range 
flights—the 727 (1964) and the 737 
(1968). These were smaller aircraft that 
were economical for airlines and able to 
operate from smaller airports. 

After failing to win a government 
contract for a very large military trans- 
port, Boeing switched to building a giant 
passenger carrier. This new plane, the 
747, had a distinctive “bubble” front, 
providing an upper deck for first-class 
passengers. It could seat about 400 
passengers in its spacious main cabin, 
which was 185 feet (56 meters) long and 
20 feet (6 meters) wide. 

The 747 made long-haul flying much 
cheaper. Two 747 flights could replace 
up to ten flights by smaller airliners. 
Airport passenger handling facilities 
were strained at first, however, when 


BOEING AIRLINERS 


Boeing's family of commercial aircraft is 
designed for different routes. The vari- 
ous aircraft have ranges of between 
2,000 miles (3,220 kilometers) and 9,000 
miles (14,480 kilometers). A 777 can fly 


nonstop trom New York to Jakarta in 
Indonesia. The seat capacities of recent 
Boeing models are: 


e737 upto 180 seats. 
© 747 up to 416 seats. 
e 767 up to 245 seats. 
97777 Wiehe soa sedis, 
e 787 up to 330 seats. 





two or three 747s landed at about the 
Same time, unloading more than 1,000 
passengers within minutes. 

Boeing continues to build new airlin- 
ers. The 757, 767, and 777 were followed 
by the 787, the latest addition to the 
line. Each aircraft is designed to fit into 
a niche in the world air transportation 
market. Boeing also continues its 
research into new areas of aerospace 
through experimental aircraft, such as 
the X-43 hypersonic airplane. 


SEE ALSO: 


e Aerospace Manufacturing Industry 


e Aircraft, Commercial è Aircraft, 
Experimental è Aircraft Design 
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Bomber 


bomber is a military airplane 
A designed to attack targets on the 
ground or at sea by dropping 
explosives. A bomb, a metal case filled 
with high explosives, is just one of the 
weapons that a bomber can drop. These 


airplanes also may be armed with mis- 
siles, rockets, and guns. 


Types of Bombers 

Most air forces have bombers of two 
main types: fighter-bombers, also called 
strike fighters, and strategic bombers. 
Strike fighters, such as the U.S. Navy 
F/A-18 and the British Royal Air Force 
Tornado, can fly as fast as a fighter 
plane, although how they perform is 
affected by the weight of the weapons 
they carry. Their main role is to carry 
out tactical (battlefield) attacks on troop 
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concentrations, airfields, bases, ships, 
and supply routes. Some bombers oper- 
ate from naval aircraft carriers, while 
sround-attack airplanes such as the 
A-10 Thunderbolt fly over a battlefield 
to destroy tanks, artillery, or other 
small targets. 

Strategic bombers, such as the B-52 
and B-1B, are bigger planes. They can 
fly for 10,000 miles (16,090 kilometers), 
and even farther when refueling in the 
air from tanker planes. They are used to 
attack targets such as factories, military 
bases, ports, and cities. Even when they 
fly above 50,000 feet (15,240 meters), 
these planes are relatively easy to pick 
up on radar and so risk being shot down 
by fighters or ground-to-air missiles. 

In 1989 the B-2 Spirit stealth bomber 
gave the bomber a new edge. Its revolu- 
tionary technology (a flying wing shape 
and special materials used in construc- 
tion) enabled it to sneak 
through radar defenses. 
Most early bombers had 
crews of eight or more, but 
the B-2 needs only two 
crew members and can 
carry nuclear and conven- 
tional weapons at speeds 
just below supersonic. 





© on January 7, 1911, 
Lieutenant Myron S. Crissy (left) 
dropped a test explosive bomb 
on a dummy target near San 
Francisco, California. It was the 
first time a live bomb had been 
dropped from an airplane. 


(c) 2011 M.E. Sharpe, Inc. All Rights Reserved. 


BOMBER 


DROPPING BOMBS 


A bombers weapons may be carried 
inside the aircraft, In a compartment 
known as the bomb bay, or attached 
to the outside of the aircraft. In the 
early days of air warfare (1914 to 
1939), bombs were simply dropped 
from airplanes over the target area, 
frequently scattered to increase the 
chance of actually hitting the target. 
During World War Il, large groups of 
bombers flew together in formation, 
OULEMMOUICE SGmre™ target, oyna 
pathfinder plane that marked the 
location of the target with flares. 
Accuracy improved as bombing and 
navigation equipment became more 
sophisticated, but bombs still were 
dropped in a fairly haphazard man- 
ner. A modern bomber can attack 
targets many miles away, using elec- 
tronic guidance systems to send Its 
weapons precisely to their targets. 
Laser-guided bombs fly along a laser 
beam Citegiccmat thevtangel elines 
from the bomber or from another 
plane flying nearby. 





Early Bombers 

The U.S. Army obtained its first airplane, 
a Wright Flyer, in 1909. For almost two 
years, this was the only plane in what 
the Washington Star newspaper called 
the nation’s “aerial fleet.” In 1911 
Lieutenant Riley Scott invented a bomb- 


sight (a device for aiming bombs) made 
of nails and wire. He tested it using 
bombs held in a canvas sling beneath 
the airplane, and he managed to drop 
them within 10 feet (3 meters) of a 
5-square-foot (0.5-square-meter) target 
from a height of 400 feet (122 meters). 
The army was not impressed. 

Other people saw a future for 
bombers, however. In 1911 an Italian 
army officer named Giulio Douhet 
described how airplanes could attack an 
enemy’s communications and supply 
routes. The Italians were the first to use 
planes for bombing, in 1911, when one 
of their airplanes dropped four bombs 
on a Turkish camp in North Africa dur- 
ing a war between Italy and Turkey. 


World War I 

When World War I began in 1914, planes 
carried bombs in bags slung from cords. 
Bombs were even stuffed into the 
pockets of the pilot, who dropped them 
over the side. In 1915 civilians were 
bombed for the first time when German 
Zeppelin airships attacked British cities. 

Large bombing planes also took to 
the skies, such as the British Handley 
Page 0/400 (1916), which had two 
engines and a crew of three and carried 
sixteen 112-pound (51-kilogram) bombs. 
The German Gotha airplane, which 
bombed London in 1917, was the first 
bomber to attack at night. 

Bombing raids alarmed civilian pop- 
ulations, and air defenses were hurriedly 
improvised. Fighter planes chased the 
intruders. Bombers were forced to fly as 
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high to avoid barrage balloons on long 
cables and the fire of anti-aircraft guns 
from the ground. 

When peace returned in 1918, the 
military showed little interest in the 
new bombing planes. One person who 
did believe in the bomber was Billy 
Mitchell, a U.S. Army general who advo- 
cated for a separate air force. Mitchell 
believed that, in future warfare, aerial 
bombing could weaken the resistance of 
civilians and wreck the enemy’s commu- 
nications and industries. Tests showed 
that a dive bomber could even sink a 
battleship. Mitchell’s ideas about devel- 
oping a strong, independent air force 
went unheeded, however. Until 1946, all 
U.S. military airplanes were under the 
control of the U.S. Navy, U.S. Marine 
Corps, or U.S. Army. 
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OVA US. Army B-17 Flying Fortress drops 
a cluster of bombs on the German city of 


Nuremberg during World War Il. 


A New Generation 
Until the mid- 1930s, most air fleets were 
equipped with biplane bombers, which 
were very slow. The future lay with fast, 
all-metal, monoplane bombers. In 1935 
Boeing produced the four-engine Model 
299 that then became the B-17 Flying 
Fortress. The B-17 could fly at 295 miles 
per hour (475 kilometers per hour), at a 
height of over 30,000 feet (9,144 
meters). Equipped with the new Norden 
bombsight, a B-17 could, it was claimed, 
“drop a bomb into a pickle barrel.” 
During the 1930s, Nazi Germany 
built a fleet of bombing planes. These 
aircraft were mostly fast, twin-engine 
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types such as the Heinkel He-111 and 
Dornier Do-17. Germany also built the 
Junkers Ju-87 Stuke dive bomber, which 
swooped down in a vertical dive to drop 
its bombs. 

The new German bombers were tested 
in combat during the Spanish Civil War 
of 1936-1939. Japan also used “terror 
bombing” in attacks on cities in China 
in the same period. 


World War II 
Bombers proved equally deadly as World 
War II began. When Germany invaded 
other European countries, it introduced 
blitzkrieg (lightning war) attacks on 
Poland in 1939 and on Belgium, the 
Netherlands, and France in 1940. During 
World War II (1939-1945), the bomber 
was perhaps the key weapon. Air power 
could destroy a fleet of ships with ease— 
this was shown by the Japanese naval 
air attack on Pearl Harbor in December 
1941 and by the sinking of two British 
battleships by Japanese planes soon 
afterward. The Germans launched fierce 
bombing raids on British cities from 
1940 to 1941 and later launched V-1 
flying bombs to hit targets in Britain. 
The Allies responded by mounting 
bombing raids on German and Japanese 
targets. The British military sent heavy 
four-engine bombers, such as the Avro 
Lancaster, to pound targets in Germany 
at nighttime. The United States flew 
large formations of B-17s, B-24s, and 
B-29s to bomb by day. Often as many as 
1,000 aircraft participated in a single 
bombing attack. 


One famous bombing mission was 
the Dam Busters raid of 1943. To smash 
German dams, each Allied bomber 
dropped a specially designed bouncing 
bomb that skipped over the water, hit 
the side of the dam, and then exploded. 
Firebombs were widely used in World 
War II, and they caused terrible destruc- 
tion to cities, such as Dresden in 
Germany and Tokyo in Japan. 

B-17 crews relied on their armament 
of machine guns to fight off attacks by 
enemy fighters. At times, however, loss- 
es of airplanes were very high. In a raid 
on the German industrial plant at 
Schweinfurt in 1943, for example, 
seventy-seven B-17s were destroyed and 
133 damaged out of a total 291 planes 
sent on the raid. 

Different types of bombers were built 
during World War II. Some, such as the 
B-24 Liberator and the PBY Catalina fly- 
ing boat, hunted submarines. Fast, light 
bombers such as the British Mosquito, 
medium bombers such as the B-26 
Marauder, and U.S. Navy bombers such 
as the Douglas SBD Dauntless dive- 
bomber all played their parts in the air 
fighting. B-29 bombers dropped two 
atomic bombs on the Japanese cities of 
Hiroshima and Nagasaki in August 
1945, finally bringing the war to an end. 


Bombers in the Modern Age 

In the late 1940s and early 1950s, air 
forces switched from _ propeller-driven 
bombers to jet bombers, such as the 
U.S. B-47 and British Canberra (built in 
the United States as the B-57). Both the 
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OA group of B-52s at a U.S. Air Force base in Guam 


wait 


108 


s to go into action in the Vietnam War. 


TODAY'S BOMBS 


Bombs in use today include: 

e General-purpose bombs filled with high 
explosives, typically weighing 2,000 pounds 
(908 kilograms) or less, although consider- 
ably heavier ones have been used. 

e Guided smart bombs, that steer to a target. 
e Armor-piercing bombs for armored tar- 
gets such as warships. 

e Fragmentation bombs (cluster bombs) 
that shatter into small metal fragments or 
showers of little “oomblets.” 

e Incendiary bombs intended to start fires. 
e Depth bombs to attack submarines; these 
bombs sink in the water before exploding. 

e Nuclear bombs, the most destructive of all 
weapons. [he two nuclear bombs dropped 
on Japan at the end of World War Il were 
both atomic bombs; hydrogen bombs are 
even more destructive. 





United States and the Soviet Union 
built fleets of very large strategic 
bombers, designed to carry atomic 
bombs as well as conventional 
high explosive bombs. The U.S. Air 
Force, now a separate arm of 
the military, set up Strategic Air 
Command (SAC) in 1946. By 1953, 
SAC had over 1,000 aircraft. These 
included the B-36, a giant with six 
propellers and four jet engines that 
gave it a speed of 439 miles per 
hour (706 kilometers per hour). 

During the Cold War of the 
1940s to the 1980s, Soviet and 
Western air forces competed in an 
arms race to build better, faster, 
and harder-to-catch bombers. 
Interesting planes from this era 
include the British Avro Vulcan— 
a large delta-wing airplane—and 
the Soviet Tu-95 Bwar, which was 
the last big bomber with pro- 
pellers. Some people argued that 
the age of the bomber was over 
and that guided missiles were the 
weapons of the future. Jet bombers 
flew twice as high and twice as 
fast as bombers in World War II, 
but they were still vulnerable to 
missiles—so why risk pilots’ lives 
when unmanned missiles could be 
used instead of bombers? 

The success of the B-52 proved 
that the bomber was still a power- 
ful weapon. Originally planned as 
a turboprop bomber in 1948, the 
B-52 was fitted with jet engines. 
More than fifty years after it first 
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© A B-2 Spirit, designed to drop conventional 
and nuclear bombs, is guarded at a U.S. air base 
in 2005. One the most expensive planes ever 
built, the B-2 is a stealth aircraft, which means 
it is built to avoid detection by radar. 


flew, it is still in service. In the Vietnam 
War, B-52s were used alongside smaller, 
faster airplanes such as the F-4 Phantom 
and the F-105 Thunderchief, which were 
able to carry a combination of bombs 
and missiles. 

Building bombers is an expensive 
business, and many promising designs 
never get beyond a prototype. The delta- 
wing B-58 Hustler of 1960 was the first 
supersonic bomber, but only 116 of them 





were built. Even fewer XB-70s were 
manufactured. First flown in 1964, and 
able to fly at three times the speed of 
sound, the XB-70 was canceled before it 
even got into production. It is unlikely 
any more big bombers will be built. 
The need in the twenty-first century 
is for multi-purpose airplanes that can 
perform a variety of tasks—dropping 
bombs is just one of them. 


SEE ALSO: 
e Aircraft, Military ° Airship 


e Mitchell, Billy e World War I 
e World War II 
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Cape Canaveral 


ape Canaveral is a sandy headland 
(o Florida’s Atlantic Ocean coast. 

(Cape Canaveral was officially 
renamed Cape Kennedy in 1963, but the 
name reverted to Cape Canaveral ten 
years later.) Cape Canaveral is home to 
two of the world’s most famous U.S. 
space launch sites, one of which is 
Cape Canaveral Air Force Station. The 
station, operated by the U.S. Air Force, is 
the East Coast spaceport for the 
Department of Defense. The other space- 
port located on Cape Canaveral is the 
Kennedy Space Center. 

Cape Canaveral was chosen as the 
leading U.S. launch site for three reasons. 
First, it is close to the equator. During a 
launch, rockets get an extra push from 
Earth’s rotation, and this effect is great- 
est nearest the equator. Second, there is 
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a vast expanse of ocean to the east of 
Cape Canaveral. Rockets that fail are 
likely to fall into the ocean, not onto 
land. Third, the area has good trans- 
portation links with the rest of the 
United States. These connections are 
important for the delivery of rockets, 
spacecraft, and supplies. 


A Military Background 

Cape Canaveral has a long association 
with aviation and spaceflight. During 
World War II (1939-1945), the U.S. Navy 
trained pilots there. After the war, the 
U.S. Army, U.S. Navy, and U.S. Air Force 
all used Cape Canaveral as a range for 
testing missiles. 

In 1950 the U.S. Air Force took over 
the test range and set up the Cape 
Canaveral Air Force Station. It built a 
row of launch pads along the coast. The 
first rocket launch from Cape Canaveral 
took place at 9:28 A.M. on 
July 24, 1950. The rocket, 
named Bumper 8, was a 
modified World War II 
V-2 rocket. 

The first launch control 
center was very basic. It 
was a small wooden shack 
about 450 feet (137 
meters) from one of the 
launch pads. The launch 
center was buffered only 


=- Bumper 8 was the first mis- 
sile launched at Cape Canaveral. 
The launch, shown here, took 
place on July 24, 1950. 
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by a mound of dirt and sandbags, 
which would have offered little 
protection if a rocket had exploded 
on the pad. Later, a tank was used 
as a firing room to launch rockets. 

There was so little housing at 
Cape Canaveral in the 1950s that 
most workers were obliged to live 
in tents. They had to deal with the 
local wildlife, which included mos- 
quitoes, alligators, and rattlesnakes. 


The Space Race and NASA 
When the space race between the 
United States and the Soviet Union 
began in 1957, the first U.S. rockets were 
launched from Cape Canaveral. Titan 
and Delta rockets are still launched from 
the same launch pads today. 

In the early 1960s, the first U.S. 
manned spaceflights were launched 
from Cape Canaveral for the newly 
founded National Aeronautics and Space 
Administration (NASA). The first two 
manned suborbital Mercury flights were 
launched from Launch Complex 5 in 
1961. Four manned orbital Mercury 
flights took off from Launch Complex 14 
in 1961 and 1963. All ten manned 
Gemini missions began from Launch 
Complex 19. The Gemini missions took 
place in 1965 and 1966. 

Manned launches switched to the 
nearby Kennedy Space Center when the 
Apollo missions began in 1967, but the 
Kennedy Space Center and the Cape 
Canaveral Air Force Station continue 
to work closely together. Unmanned 
launches, including those of NASA 





©) The lights of Missile Row stretch along the 
Shoreline at Cape Canaveral Air Force Station 
under a full moon. 


Space probes—the Mars Pathfinder, for 
example—take place at the Air Force 
Station. The station also fulfills its role 
as one of the two main U.S. military 
spaceports. (The other is Vandenberg Air 
Force Base in southern California.) 

The economies of Cape Canaveral, 
neighboring Merritt Island (home to the 
Kennedy Space Center), and the sur- 
rounding towns now depend on the 
Space industry and the millions of 
tourists it attracts. The Cape Canaveral 
area has become known as Florida’s 
“Space Coast.” 


SEE ALSO: 
e Kennedy Space Center e NASA 


e Rocket ¢ Space Probe 
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Cayley, George 


Date of birth: December 27, 1773. 
Place of birth: Scarborough, Yorkshire, 
England. 

Died: December 15, 1857. 

Major contributions: Developed the 
science of aerodynamics; built first 
glider that successfully carried a person 
in flight; developed designs for a pow- 
ered dirigible and helicopter. 


eorge Cayley grew up in a noble 
G family in northern England. 
When he heard, at age nine, of 
the balloon flights of the Montgolfier 


brothers, he became fascinated by the 
idea of flight. 





By 1796 and the age of thirteen, 
Cayley had made a model helicopter. At 
the time, some people believed that air- 
craft would need movable wings to 
reproduce the flapping motion of birds. 
Cayley concluded that a fixed-wing air- 
craft was superior. He drew a sketch in 
1799 that shows the basic configuration 
of a modern airplane, with fixed wings, 
a long fuselage, and a tail that includes 
elevators for controlling motion up and 
down and a rudder for steering. A draw- 
ing on the other side of the paper shows 


€) This drawing of a design for a human- 
powered flying machine illustrated one of George 
Cayley's pioneering papers about aerodynamics 
and aircraft design. 
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an understanding of drag and lift, forces 
of air that contribute to flight. Five years 
later, Cayley built a model glider follow- 
ing his ideas. Although small, the glider 
was successful—released from the top of 
a hill, it flew down to the ground. 

Between November 1809 and March 
1810, Cayley published a three-part 
essay presenting his findings. Called “On 
Aerial Navigation,” the essay set forth 
basic principles of aviation. Key conclu- 
sions included the ideas that low air 
pressure above a wing produces lift and 
that curved wings generate more lift 
than flat ones. Cayley also described 
how to use angled wings and tail wings 
to make flight more stable. 

In 1816 Cayley published another 
paper that explained how to build an 
airship that could be moved through the 
air by steam-powered propellers. An air- 
ship, like a balloon, is a bag filled with 
gas that is lighter than air, but unlike a 
balloon, it can be steered. 

Much later, in 1843, Cayley sketched 
a helicopter design. Late in his life, he 
had more success with gliders. In 1849 
Cayley built a small glider with three 
wings that carried a ten-year-old boy 
through the air for several feet. Four 
years later, he built a larger glider that 
carried his coachman more than 420 feet 
(128 meters) before crashing. This 
marked the first time a person flew in a 
full-size heavier-than-air craft. 

Cayley dreamed of powered flight, 
but he lived at a time when that was 
not yet possible. The steam engines of 
the early 1800s were too heavy to carry 


A BOLD PROPHECY 


George Cayley was convinced that 
humans would be able to fly. His 
essay “On Aerial Navigation” included 
the following prediction: ‘I feel per- 
fectly confident, however, that... we 


Shall be able to transport ourselves 
and families, and their goods and 
chattels, more securely by air than by 
mare... |G) Sr Cduceslms Efiect ik 1s 
only necessary to have a first mover 
[oower source], which will generate 
more power in a given time, in pro- 
portion to its weight, than the animal 
system of muscles.- 





a flying machine and occupants aloft. 
Still, his pioneering 1853 flight and his 
important writings paved the way for 
later aircraft designers. Because of his 
research, Cayley is widely considered a 
pioneer of aviation. 

In 2003 flying enthusiasts celebrated 
the 150th anniversary of Cayley’s 1853 
Slider flight. Sir Richard Branson, a 
British businessman and adventurer, 
wore period clothes and flew a glider 
following Cayley’s design. Branson, 
unlike Cayley’s coachman, managed to 
land without crashing. 


SEE ALSO: 


e Aerodynamics ¢ Glider © Helicopter 
e Lift and Drag ° Wing 
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Challenger 
and Columbia 


ASA’s Space Shuttles began fly- 
Ni into space in 1981. Since that 

time, two of the Space Shuttles, 
Challenger and Columbia, have been 
destroyed in accidents that caused the 
deaths of both crews. On January 28, 
1986, the Space Shuttle Challenger broke 
up 73 seconds after liftoff. Then, on 
February 1, 2003, while returning to 
Earth, Columbia broke up. 


Challenger Launch 

The morning of January 28, 1986, was 
colder than any previous Space Shuttle 
launch day. Challenger was due to take 
off for its tenth space mission. Icicles 
hung from the tower next to the space- 
craft. There was concern that ice might 
fall off and damage the vehicle during 
launch. A team had worked all night to 
remove as much ice as possible. The 
launch was delayed to give more time 
for the remaining ice to melt. 

Engineers were also worried about 
rubber rings in the two solid rocket 
boosters. The boosters are made in 
sections that stand on top of each other. 
The joints between them are sealed with 
putty and rubber rings. Engineers were 
concerned that the cold weather could 
make the rubber too stiff to seal the 
joints properly. If a seal failed, hot 
gases from inside the rocket could 
escape. After some lengthy discussions 
between engineers and managers about 
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©) Just seconds after Challenger was launched, 


a large flame plume (visible in the center of 
the photo, above the exhaust) showed that the 
Space Shuttle was in trouble. The spacecraft 
exploded soon after. 


the weather and the rubber rings in the 
boosters, it was decided to go ahead 
with the launch. 

Things started to go wrong just 
moments after liftoff. Close-up photo- 
graphs of the spacecraft would later 
reveal puffs of smoke spurting out of the 
side of one of the solid rocket boosters. 
This was clear evidence that the seal in 
one of the joints had failed, as the engi- 
neers had feared. 
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Explosion 

Video images of the vehicle climbing 
away from the launch pad showed a 
flame jetting out of the booster where 
the smoke had been seconds earlier. The 
flame was like a blowtorch on the bot- 
tom of the external fuel tank and on one 
of the metal struts connecting the tank 
to the solid rocket booster. 

Hydrogen started leaking from the 
tank, feeding the flame. The strut was 
weakened so much by the heat that it 
gave way, allowing the booster rocket to 
swing out of position and collide with 
the tank. The tank was torn apart, 
releasing a massive amount of liquid 
hydrogen and then liquid oxygen. 

Just a fraction of a second later, 
Challenger disappeared in a huge fire- 
ball. The booster rockets separated from 
the rest of the vehicle and flew away 
on their own. They were triggered to 
self-destruct by a radio signal from the 
ground. Challenger broke up, and wreck- 
age rained down into the ocean. It was 
obvious that the astronauts had perished 
and there would be no survivors. In the 
weeks that followed, U.S. Navy divers 
recovered about a third of the space- 
craft, half of the solid rocket boosters, 
and half of the external fuel tank. 

A presidential commission was set up 
to investigate and review the causes of 
the Challenger accident. The remaining 
three Space Shuttles (Columbia, Atlantis, 
and Discovery) were grounded for the 
next 2 years. Meanwhile, a new Space 
Shuttle, named Endeavour, was built to 
replace Challenger. 


THE CHALLENGER CREW 


Challenger's crew of seven included 
Christa McAuliffe. She was not a pro- 
fessional pilot, engineer, or scientist 
like the other astronauts. McAuliffe 
was a schoolteacher, and she was to 
be the first of a series of teachers to 
go Into space as part of the Teacher tn 
Space program. Students all over the 
world were to see her teach science 
from orbit. The program was suspend- 
ed after the accident until August 
2007, when teacher Barbara Morgan 
(who had trained with McAuliffe) 
went into space on STS-118. 
The other crew members who 


died on Challenger were: 


e Commander: Francis R. Scobee. 

e Pilot: Michael J. Smith. 

e Mission Specialist: Judith A. Resnick. 
e Mission Specialist: Ellison S. Onizuka. 
e Mission Specialist: Ronald E. McNair. 
e Payload Specialist: Gregory B. Jarvis. 


© Christa McAuliffe (right) and 
Barbara Morgan. 
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Columbia Reentry 

Back in 1981, Columbia had been the 
first Space Shuttle to go into space. The 
tragic accident on February 1, 2003, that 
destroyed the spacecraft and claimed the 
lives of its crew took place at the end of 
its twenty-eighth mission. 

While Columbia was still in space, 
engineers studied video images of its 
launch. The images showed a piece of 
insulating foam falling off the external 
fuel tank and hitting Columbia’s left 
wing 82 seconds after liftoff. It was not 
a serious concern at the time. When 
Columbia began its return to Earth from 
space, however, it began to heat up. As 
Columbia hurtled deeper into the atmos- 
phere, ground controllers noticed that 
sensors in the left wing were showing 
unusually high temperatures. Then, the 


sensors failed. Sensors in the landing 
Sear inside the left wing showed tire 
pressures rising, and then these sensors 
failed, too. A few seconds later, radio 
contact with the crew was lost. 
Although Columbia was still nearly 
39 miles (62.8 kilometers) above the 
ground, traveling at more than 12,500 
miles per hour (more than 20,000 kilo- 
meters per hour), eyewitnesses on the 
ground could see it was breaking up. 
They saw flashes and streaks of light 


€) The last crew of the Space Shuttle Columbia 
were (from left to right): Mission Specialist 
David Brown, Commander Rick Husband, Mission 
Specialist Laurel Clark, Mission Specialist Kalpana 
Chawla, Mission Specialist Michael Anderson, 
Pilot William McCool, and Payload Specialist 

Ilan Ramon. 
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coming from its bright trail in the sky 
and knew this was not what a reentering 
Space Shuttle usually looked like. 
Debris fell over a huge area. Pieces 
of wreckage were collected from 2,000 
locations across the United States. 


Investigation 

A team of independent experts investi- 
gated the cause of the accident. They 
carried out experiments to see if a piece 
of foam falling from the external tank 
could have damaged the spacecraft’s 
wing. It seemed unlikely because the 
leading edge of the wing is much harder 
and stronger than the foam. The wing 
was made of a material called reinforced 
carbon-carbon. Surprisingly, experi- 
ments showed that a piece of foam could 
indeed punch a hole straight through the 
wing’s leading edge. 

If the foam that fell off the fuel tank 
just after Columbia’s launch made a hole 
in the left wing, hot gas would blast 
through the hole to inside the wing 
during reentry. It would burn and melt 
its way through the wing’s internal 
structure. This explains why sensors in 
the left wing showed rising temperatures 
and then failed. The weakened wing 
would have broken up, quickly followed 
by the rest of the vehicle. 

All Space Shuttles were grounded for 
more than 2 years while the problems 
were investigated and resolved. Space 
Shuttles are now inspected in space dur- 
ing each mission to check for damage 
that might prove dangerous during the 
spacecraft’s return to Earth. 


WRECKAGE RESEARCH 


Challenger’s wreckage was buried In an 
unused missile silo at Cape Canaveral. 
Columbia's wreckage Is stored in the 
Vehicle Assembly Building at the 
Kennedy Space Center. Parts of it are 
used for research. When Columbia broke 
up, pieces of all shapes, sizes, and mate- 
rials flew through the atmosphere at 
speeds they were not designed for. 
Scientists and engineers are interested in 
precisely what happened to them, what 
temperatures they experienced, and how 
they were affected. The lessons learned 
by studying these pieces may help in the 
design of future high-speed aircraft. 


©) Workers assemble wreckage from Columbia 
on the floor of a hangar. They were attempt- 
ing to reconstruct the spacecraft in order to 
figure out what went so tragically wrong. 


SEE ALSO: 

e Astronaut ° Cape Canaveral è Fuel 
e Kennedy Space Center © Rocket 

e Space Shuttle 
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Cochran, Jacqueline 


Date of birth: Between 1905 and 1913. 
Place of birth: Pensacola, Florida. 
Died: August 9, 1980. 

Major contribution: Set many speed 
and altitude records; headed Women 
Airforce Service Pilots (WASP) during 
World War Il. 

Awards: Distinguished Service Medal; 
fifteen Clifford Harmon Trophies; 
William Mitchell Memorial Award; 
French Legion d'Honneur; gold 

medal from Fédération Aéronautique 
Internationale; U.S. Aviation Hall 

of Fame; International Aerospace 
Hall of Fame. 


most accomplished women flier of 

all time as well as the holder of 
many records. She also gave important 
service to both Britain and the United 
States during World War II. 

It is believed that Cochran was 
orphaned and raised in foster homes as 
a child. She lived in poverty and went to 
work in a cotton mill while still very 
young. Cochran later was trained as a 
beautician, work that she enjoyed. 
Sometime around 1930, she moved to 
New York City, hoping to gain more suc- 
cess in beauty salons there. 

In 1932, on a trip to Florida, she met 
Floyd Bostwick Odium, a millionaire. 
They married 4 years later. When they 
first met, Cochran had told Odium that 
she hoped to produce and sell her own 
cosmetics. Odium suggested that she 


Je Cochran was perhaps the 





O Jacqueline Cochran led the Women Airforce 
Service Pilots (WASP) during World War Il. She is 
shown here (left, in black outfit) with a U.S. Air 
Force officer and some of her trainees. 


learn to fly an airplane so she that could 
carry her products to different cities. 
Cochran went to flight school and earned 
her pilot’s license in just a few weeks. 
Two years later, in 1934, Cochran 
entered a flying race from London to 
Melbourne, Australia. She was forced to 
abandon that race, and another the next 
year, due to mechanical difficulties. In 
1937, however, Cochran had success in 
the Bendix race from Los Angeles to 
Cleveland. She finished first among the 
women competitors and trailed only two 
male pilots. That same year, Cochran set 
a speed record by flying from New York 
to Miami in just over 4 hours and 12 
minutes. She also set a female speed 
record of nearly 204 miles per hour (328 
kilometers per hour) that year. The fol- 
lowing year, Cochran won the Bendix, 
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beating all competitors, male and 
female. In 1939 Cochran flew higher 
than any woman had before, reaching 
30,052 feet (9,160 meters). Later in the 
Same year, she set two new speed 
records. 

In 1939 World War II broke out in 
Europe. In 1941 Cochran joined other 
women fliers in piloting planes from the 
United States to the United Kingdom. 
Once there, she trained women to do 
noncombat flying tasks. The goal was to 
free men from these jobs so they could 
fly combat missions. 

After the United States entered the 
war, Cochran recrossed the Atlantic to 
do similar work back home. She was put 
in charge of a new unit, the Women 
Airforce Service Pilots (WASP). Its thou- 
sand or so pilots moved aircraft to need- 
ed locations and helped train male 
pilots. These women logged more than 
60 million miles (97 million kilometers) 
of flying, performing a vital service. 

Although the WASP force was dis- 
banded, Cochran remained devoted to 
flying. When jet airplanes were devel- 
oped, she learned how to fly them and 
worked as a test pilot for aircraft compa- 
nies Lockheed and Northrop. In 1953 
Cochran set various speed records and 
became the first woman to fly faster 
than the speed of sound. In the early 
1960s she set new records for women 
in altitude (55,253 feet, or 16,841 
meters) and speed (1,429 miles per hour 
or 2,299 kilometers per hour). As the 
United States began forming its space 
program, Cochran pushed to be named a 





O Jacqueline Cochran continued to fly and set 
records for many years. She was photographed 
with fellow pilot Chuck Yeager in 1962 after 

a flight at Edwards Air Force Base in California. 


woman astronaut. Government officials, 
however, decided against selecting any 
women at the time. 

Cochran was slowed in the 1970s by 
a heart condition. Although she had to 
cut back on her flying, she continued to 
work as an advisor to the U.S. Air Force, 
the Federal Aviation Administration, 
the National Aeronautics and Space 
Administration, and several museums. 
She died in 1980. 


SEE ALSO: 
e Pilot e Supersonic Flight 


e World War II 





179 


(c) 2011 M.E. Sharpe, Inc. All Rights Reserved. 


Cockpit 


he cockpit is the compartment in 
T an aircrafts nose where pilots sit 
to fly the aircraft. It contains the 
flight controls, engine controls, and 
instruments that show information 


about the aircraft. An airliner’s cockpit 
is also known as the flight deck. 


Flight and Engine Controls 
Most aircraft have two seats in the cock- 
pit, side by side. Each seat has its own 
set of flight controls, so the aircraft can 
be flown from either one. There is one 
set of engine controls between the seats. 
There are two main flight controls: 
the control yoke and a pair of foot ped- 
als. The yoke looks like a car’s steering 
wheel with the top cut off. Turning the 
yoke makes a plane bank to one side. 
Pushing on the yoke makes an airplane’s 
nose tip down so the 
plane loses height. 
Pulling the yoke 
back tips a plane’s 
nose up and makes 
the plane climb. The 
pedals control the 
rudder that is in the 
tail of an airplane. 
Pushing the left pedal 
turns the plane’s nose 
to the left. Pushing 
the right pedal turns 
the nose to the right. 
The main engine 
control is called the 
throttle, or power 
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WHY A COCKPIT? 


The word cockpit was first used hun- 
dreds of years ago to describe a small 
patch of ground where bird fights 
were held. The word came to mean 
any small area where there was 
intense activity. By the seventeenth 


century, it was the name for the part 
of a British warship that contained 
the rudder control. Wounded sailors 
were also brought to the cockpit for 
treatment. In the very early years of 
aviation, the compartment where an 
airplane was steered became known 
as the cockpit. 





€) The cockpits of most airplanes, such as this 
airliner, have two sets of controls. 
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lever. If the aircraft has more 
than one engine, there is a power 
lever for each engine. Moving 
the power levers changes the 
amount of fuel supplied to each 
engine. Giving an engine more 
fuel makes it run faster and pro- 
duce more power. 

Airbus airliners are unusual 
because they have no control 
yokes for steering the plane. 
Instead, they are steered by small 
hand controllers, called side-stick 
controllers, that look like com- 
puter game joysticks. There is 
one on each side of the cockpit. 






Instruments in an aircraft’s cock- 
pit show the pilot what is hap- 
pening to the aircraft and how 
well it is flying. The instruments 
are especially important when a 
pilot cannot see the ground 
because of cloud, fog, or dark- 
ness. They enable a pilot to keep 
an aircraft flying safely in the right 
direction. The instruments also can warn 
pilots of dangers, such as fire in an 
engine or flying too close to the ground. 


Modern cockpits often have several 
screens, like computer screens, which 
combine the functions of many separate 
instruments. This kind of cockpit is 
called a glass cockpit. 

There are three types of screens in a 
glass cockpit. The first is the primary 
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This photo shows NASA's multifunction elec- 


tronic display subsystem (MEDS), or glass cockpit. 
The Space Shuttle Atlantis was the first to be 
fitted with the latest glass cockpit, for Mission 
STS-101 in 2000. 


flight display, which shows the airspeed, 
altitude, heading, and vertical speed. 
There is a primary flight display in front 
of each pilot. 

The next screen is the navigation 
display, which shows the aircraft’s posi- 
tion and course. The picture from the 
aircrafts weather radar also can be 
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There are seven basic flight instru- 
ments in an airplane: 

e Airspeed indicator shows an 
aircraft's soeed compared to the 
Surrounding air. 

e Altimeter shows an aircraft's 


height above sea level, or altitude. 
e Attitude indicator shows an 
aircraft's attitude (the way it is 
pointing) compared to the horizon. 
e Magnetic compass shows an 
aircraft's heading (direction). 

e Heading indicator also shows 


heading but works in a different 
way from the magnetic compass. 
e Turn and bank indicator shows 
if an aircraft is turning correctly. 

e Vertical speed indicator shows 
how fast an aircraft is climbing or 
descending. 

The magnetic compass works by 
sensing the direction of Earth's mag- 
netic field. It works fine In steady 
flight, but it can be unreliable if the 
plane is climbing, diving, or turning. 
The heading indicator (which is 
based on a gyroscope) is used to 
double-check it. 





shown on this screen. A small business 
jet might have one navigation display in 
the middle. A larger airliner may have a 
Separate navigation display in front of 
each pilot. 
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The third type of screen is linked to 
the engine indicating and crew alerting 
system (EICAS). It shows engine infor- 
mation and emergency warnings. In 
addition, an aircraft’s flight computer 
has its own small screens. 

A glass cockpit can greatly reduce 
the number of instruments and controls. 
The glass cockpit of the Boeing 747-400 
has 365 instruments and switches— 
about 600 fewer than the cockpits in 
earlier 747s. A glass cockpit also has a 
basic set of old-style instruments to 
provide an emergency backup if the 
cockpit screens fail. 

Glass cockpits have proved to be so 
reliable and effective that spacecraft 
now have them as well. The Space 
Shuttle and Soyuz spacecraft are fitted 
with their own glass cockpits. 


Fighter Plane Cockpits 

Fighter cockpits are different from other 
aircraft cockpits. There is only enough 
room in a fighter’s nose for one seat for 
one pilot. If a second crewmember is 
needed, perhaps to operate the weapons 
systems, he or she sits behind the pilot. 

The cockpit has a bubble canopy to 
give the fighter pilot a good all-around 
view. The pilot sits in an ejection seat. If 
the plane is about to crash, the pilot fires 
a rocket under the seat, which blasts it 
clear of the plane. The pilot then lands 
safely by parachute. 

There is no control yoke in a fighter’s 
cockpit. The pilot steers by means of a 
control stick, or joystick. Moving the 
joystick to one side makes the plane roll 
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© Information from the 
Head-Up Display (HUD) is super- 
imposed in the pilot's field 

of view in the cockpit of an 
F/A-18C Hornet fighter plane 

as it prepares for takeoff. Four 
other Hornets are lined up on 
the runway in front of the plane. 


to that side. Pushing it for- 
ward makes the plane dive, 
and pulling it back makes 
the plane climb. 

A fighter pilot does not 
always have time to look down at the 
instruments or to let go of the joystick or 
throttle to operate other controls. The 
cockpit is designed to solve both of these 
problems. A Head-Up Display, or HUD, 
projects important information onto a 
glass plate right at eye level so the pilot 
can keep looking ahead. The information 
seems to float in midair. Some HUDs are 
even built into the pilot’s helmet. 

The pilot does not have to let go of 
the flight controls, because the buttons 
and switches that control the cockpit 
displays and other systems are all on the 
throttle and joystick. This is called 
Hands On Throttle-and-Stick (HOTAS). 

HUDs and HOTAS are now built into 
some cars. A handful of cars project the 
car’s speed onto the windshield so the 
driver can see it without looking down 
at the instruments. Some racecars have 
buttons and switches for the most 
important systems built into the steering 
wheel, so the driver does not have to let 
go of the wheel to operate them. 





Helicopters 
Helicopters can fly up, down, sideways, 
and even backward as well as forward, 
so the pilot needs a good view all 
around the aircraft. Helicopter cockpits 
must therefore have large windows. 
Helicopter cockpits have four main 
controls. They are: cyclic pitch control, 
rudder pedals, collective pitch control, 
and throttle. The cyclic pitch control is a 
joystick that steers the helicopter. The 
rudder pedals turn the aircraft to point 
in the right direction. The throttle con- 
trol is a twisting device on the collective 
pitch lever. Twisting the throttle control 
increases the engine speed, and raising 
the collective pitch control lever makes 
the helicopter rise into the air. 


SEE ALSO: 
e Altitude ° Control System 


e Fighter Plane ¢ Helicopter œ Pilot 
e Space Shuttle 
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Cody, Leila Marie 
and Samuel 


Dates of birth: Leila Marie: unknown; 
Samuel: March 6, 1867. 

Places of birth: Leila Marie: unknown; 
Samuel: Davenport, lowa. 

Died: Leila Marie: February 5, 1939; 
Samuel: August 7, 1913. 

Major contributions: Leila Marie: first 
woman to pilot a heavier-than-air craft; 
Samuel: inventor of the man-lifting kite 
and first person to fly an airplane in Britain. 


amuel Franklin Cody was born 
Gite Samuel Cowdery. He 

learned how to ride, shoot, and 
rope, and he joined a Wild West show 
soon after he turned twenty. About that 
time, he changed his name to Samuel 
Franklin Cody. 

In 1890 Cody went to Europe to per- 
form. Soon after, he met Leila Marie 
Davis. By the late 1890s, Samuel and 
Leila Marie and her children—whom 
Cody adopted—were touring together. 
Leila Maire and her children took Cody’s 
name, and the couple worked together 
as partners in demonstrations of trick 
riding and sharp shooting. 

At some point, Cody became inter- 
ested in flying kites. In about 1900 he 
developed a system he called his “man- 
lifting kite.” It included a pilot kite 
mounted at the top of a long cable; sev- 
eral lifter kites spaced along the cable; 
and a carrier kite, from which dangled a 
basket that could carry a person. 


184 


FALSE CLAIMS 


By changing his name, Samuel 
Franklin Cody tried to advance his 
career by linking himself to William 
“Buffalo Bill” Cody, who led the most 
famous of all Wild West shows. He 


eyemReamed TO be ine famous 
Cody's son until Buffalo Bill's lawyers 
forced him to stop. Cody invented 
many stories about his early life to 


appear more colorful. Although 
widely accepted at the time, they are 
now known to be fictitious. 





Cody told the British army that his 
kites could be used to send officers into 
the sky to make observations of enemy 
troops. As a demonstration, Leila Marie 
Cody bravely went up in the kite in 
1902, making her the first woman pilot 
of a heavier-than-air craft. Samuel 
Cody’s kite ascents finally convinced the 
army—it hired him as its chief kite 
instructor in 1905. Working at a military 
base, Cody continued his flights. In one 
ascent, an army officer was lifted more 
than 3,300 feet (1,006 meters) above 
the ground. 

Cody also developed an interest in 
other kinds of flying. In 1905 he built a 
Slider that traveled more than 740 feet 
(226 meters). Next he tried putting a 
motor on a kite, but that effort failed. 
Cody then worked with Colonel John 
Edward Clapper to build an airship. On 
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= Samuel Cody (center) takes Leila 
Marie Cody (right) as a passenger 
on a 1909 flight. In 1902, Leila 
Marie had become the first female 
pilot of a heavier-than-air flight, 

in one of Samuel Cody's kites. 


September 30, 1907, they had 
a successful 12-mile (19 kilo- 
meter) flight. Five days later, 
Cody and Clapper flew the 
airship to and around 
London, thrilling thousands 
of onlookers. 

Samuel Cody’s first air- 
plane flew on October 16, 
1908. Although the flight 
lasted less than half a minute, 
Cody became the first person 
to fly a plane in Britain and 
an instant national hero. 

Cody continued experi- 
menting with aircraft, trying 
out new designs each time one of his 
flying machines crashed. He became a 
British citizen so that he could partici- 
pate in exhibitions and races open only 
to British citizens. On a 1910 flight, he 
set a record for the longest British flight 
in terms of both time (almost 5 hours) 
and distance—more than 185 miles 
(298 kilometers). 

Cody’s next challenge was the 
reward offered by the Daily Mail news- 
paper to the first person to fly a circle 
around Britain, a distance of more 
than 1,000 miles (1,600 kilometers). In 
1911, Cody beat eight other pilots to 
finish first. 





In 1913 Cody began designing a sea- 
plane that he flew successfully. On a 
later flight, however, the plane ran into 
mechanical problems. It plunged to the 
ground, and Cody and a passenger were 
killed. Britain mourned the loss of their 
hero, and the army offered to bury him 
in a military cemetery. Tens of thou- 
sands of people lined the roads as Cody’s 
coffin passed to his final resting place. 
Leila Marie Cody died in 1939. 


SEE ALSO: 


e Airship ¢ Balloon œ% Kite 
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Coleman, Bessie 


Date of birth: January 26, 1892 

or 1893. 

Place of birth: Atlanta, Texas. 

Died: April 30, 1926. 

Major contributions: First American 
woman to gain international pilot's 
license; first African American 
woman to fly in the United States. 


nown as “Queen Bess,” Bessie 

K Coleman was the first African 

American woman to fly and a 

well-known early stunt pilot. Her 

example inspired other African 
Americans to take up flying. 

Coleman was one of thirteen chil- 
dren born to a father who was part 
Native American and a mother who 
was African American. When she was 
nine, her father decided to move to 
Indian Territory—now the state of 
Oklahoma—hoping to escape the 
discrimination that he faced in Texas. 
Bessie remained behind in Texas with 
her mother and several sisters. Soon 
after, she finished elementary school and 
began working as a laundress. Bessie 
hoped to continue her education, but she 
could only afford to attend school for 
one more semester. 

In 1915 Bessie Coleman moved to 
Chicago, where she joined a brother who 
lived there. Working in a barbershop as 
a manicurist, she became friends with 
Robert S. Abbott, publisher of the 
Chicago Defender, an important African 
American newspaper. 
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O Bessie Coleman, as an African American 


woman, had no chance of being accepted at a 
U.S. flying school. After gaining her pilot's license 
in France, she returned to the United States, 
where she flew in exhibitions. Coleman refused to 
perform at shows where black people were barred. 


Newsreel and magazine stories about 
the new field of aviation interested 
Coleman. She applied to flight schools 
across the United States but was turned 
down because of her race and gender. 
Abbott suggested that she obtain the 
needed training in France, where there 
was less racial prejudice. Taking his 
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advice, Coleman learned French and 
saved her money to pay for lessons. She 
sailed for France in November 1920. 

After several months of training, 
Coleman received her license to fly and 
returned to the United States. Black 
newspapers across the country hailed 
her as the first female African American 
pilot. To earn a living, Coleman decided 
to become a stunt pilot. To be success- 
ful, however, she needed to learn more 
tricks. Once again unable to find anyone 
in the United States to teach her, she 
returned to Europe early in 1922 for a 
few more months of training. 

Back in the United States once again, 
Coleman took part in her first air show 
in September 1922. She was sponsored 
by Abbott’s newspaper and dazzled the 
crowd. A few weeks later, she appeared 
in another show in Chicago and went on 
to take part in several more. 

Coleman dreamed of launching a fly- 
ing school for African Americans, but 
She could not afford to buy an airplane 
until early 1923. The plane she bought 
was an older model, and it stalled and 
crashed during a flight. Seriously injured 
in the crash, Coleman needed eighteen 
months to recuperate. 

In the middle of 1925, Coleman 
began stunt flying again, putting on a 
spectacular show in Houston, Texas. 
Coleman also began touring to give lec- 
tures to black audiences about the thrill 
of flying. She hoped to use the fees she 
received to launch her flying school. 

Early in 1926, she managed to buy 
another plane. Once again, it was an 


BESSIE COLEMAN'S LEGACY 


Coleman's bravery and determination 
inspired African Americans in 


a time when they suffered from 
segregation and other forms of dis- 
crimination. In 1929, pilot William J. 
Powell and other African American 
Matoma med mne Tirst Bessie 
Coleman Aero Club. On Labor Day 


1931, the club organized an all-black 
air show in Los Angeles, California. 
Similar aero clubs were founded in 
many cities across the country. Also 
in 1931, a group of African American 
pilots flew over Coleman's gravesite 
in Chicago, a tradition still carried on 
today. Powell continued to honor 
Bessie Coleman by promoting avia- 
tion In the black community. 





older plane, one left over from World 
War I. The day before an air show in 
Jacksonville, Florida, Coleman and her 
mechanic took the plane aloft to test it. 
A loose wrench fell into the plane’s 
Sears, causing the mechanic—who was 
piloting the plane—to lose control. The 
plane flipped over, throwing Coleman 
to her death. The plane then crashed, 
killing the pilot. 


SEE ALSO: 


e Aerobatics ¢ Barnstorming ®© Pilot 
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ommunication—the conveying of 
(formationis essential to avia- 
tion and spaceflight. It would be 
almost impossible to communicate in 
these fields without radio. Pilots and 
astronauts use radio to communicate 
with each other and with air traffic, or 
mission, controllers on the ground. 
Aircraft and spacecraft also send and 
receive text and data by radio. 
Commercial aircraft carry a variety of 
communications equipment. Aircraft 
crews use some equipment to talk to air 
traffic controllers and other pilots. Other 
equipment is used for sending and 
receiving text messages. 


How Radio Works 
Information sent by radio travels as a 
stream of invisible energy waves mov- 
ing at the speed of light, which is 
186,000 miles per second (300,000 kilo- 
meters per second). A radio wave is 
actually two waves, one electrical and 
one magnetic, traveling together. A 
wave of this kind is called an electro- 
magnetic wave. Other electromagnetic 
waves include light and X-rays. The 
only difference between the different 
waves is their lengths—radio waves are 
longer than the other types of waves. 
The length of a radio wave is referred 
to as its wavelength. The number of 
waves passing by every second is called 
the frequency. Radio frequency is meas- 
ured in waves per second, also called 
cycles per second, or hertz. 
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Radio signals are divided into fre- 
quency bands. The high frequency (HF) 
and very high frequency (VHF) bands 
are used for aircraft communications. A 
radio signal is transmitted at a particu- 
lar frequency, or waves per second. To 
receive the signal, a radio has to be 
tuned in to the same frequency. Airports 
and air traffic control centers have their 
own radio frequencies. During a flight, a 
pilot has to keep retuning a plane’s radio 
to match local frequencies. 

VHF signals travel in a straight line 
from transmitter to receiver. When a 
transmitter and receiver are no longer in 
line because an airplane has traveled 
below the horizon, VHF radio contact is 
lost. Pilots can use VHF radio to talk to 
air traffic controllers up to only 230 
miles (370 kilometers) or so away. 

HF radio is used for communicating 
over longer distances. HF signals can 
travel beyond the horizon, because they 
bounce off a layer of Earth’s atmosphere 
called the ionosphere. 


TECH TALK 


FREQUENCY BANDS IN AVIATION 


Band: High frequency (HF). 
Frequency: 3-30 megahertz. 





Band: Very high frequency (VHF). 
Frequency: 30-300 megahertz. 


(1 megahertz = 1 million hertz) 
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= This diagram shows the wavelength and fre- 
quency measurements for electromagnetic waves. 
Radio waves are long compared to X-rays, and so 
their frequency is comparatively low. 


A radio link for sending signals up to 
an aircraft or spacecraft is called the 
uplink. A radio link for sending signals 
from an aircraft or spacecraft down to 
the ground is the downlink. The infor- 
mation to be sent by radio—whether a 
pilot’s voice or data from instruments—is 
added to a radio signal called a carrier 
wave. The information changes, or mod- 
ulates, the carrier wave. When the radio 
signal is received, the carrier wave is 
filtered out, leaving the voice or data. 


Codes and Call Signs 
Voices on VHF radio sound clear and 
easy to understand, but HF radio has a 
lot of extra crackling and hissing noises 
called static. Static makes voices hard to 
hear. Hearing information correctly is 
important to air and space travel, so sys- 
tems have evolved to help with clarity. 
The international language of aviation 
is English. All pilots who fly interna- 
tionally and all air traffic controllers 
have to be able to communicate in 
English while engaged in aviation. 
Some letters and words sound very 
similar over a noisy radio link, and 
pilots often use a spelling alphabet that 
can be heard more clearly. A word is 
used instead of each letter. The words 
are chosen so that they cannot be con- 
fused with each other. This alphabet is 
used to spell out important words. 


FREQUENCY 


EHz = exahertz 
PHz = petahertz 
THz = terahertz 
GHz = gigahertz 
MHz = megahertz 
KHz = kilohertz 
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nm = nanometer 
um = micrometer 
mm = millimeter 
cm = centimeter 
m = meter 

km = kilometer 
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THE INTERNATIONAL 
RADIOTELEPHONY 
SPELLING ALPHABET 


The International Radiotelephony 
Spelling Alphabet (below) is used 
by many organizations, including 
the International Civil Aviation 


Organization (ICAO) and the Federal 


Aviation Administration (FAA). 


Alpha Juliet 
Bravo Kilo 
Charlie Lima 
Delta Mike 

Echo November 
Foxtrot Oscar 
Golf Papa 
Hotel Quebec 
India Romeo 


Sierra 
Tango 
Uniform 
Victor 
Whiskey 
X-ray 
Yankee 
Zulu 





There has to be a way of identifying 
each aircraft so that pilots and air traffic 
controllers know exactly who is talking 
to whom. Each plane has its own code, 
or call sign, that the pilot spells out 
using the spelling alphabet. In general 
aviation, small planes use their registra- 
tion number as their call sign. 

Airliners use a call sign for the airline, 
plus the flight number. The airline part 
of the call sign is often the airline’s 
name. American Airlines flight 142 
would be identified in radio messages as 
American 142. Pilots of big aircraft, 
such as jumbo jets, add the word heavy 
to the call sign. This tells everyone that 
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this aircraft is big enough to cause tur- 
bulence (strong air currents) that may 
affect planes following it. 


Staying in Touch 

When a plane is flying over an ocean far 
away from land, pilots used to endure 
the hissing, crackling noise of their HF 
radio constantly in case anyone tried to 
contact them. There is now a system that 
does the listening for the pilot. When 
controllers want to contact a pilot, they 
send a radio signal to the plane. Each 
aircraft has its own address code. Many 
airplanes may receive the signal, but the 
system in only one specific plane recog- 
nizes the address code and alerts the 
pilot. It sounds a chime and flashes a 
light in the cockpit. This tells the pilot 
that someone is trying to contact that 
particular plane. 

Even when HF radio is being used for 
long-distance communication, an air- 
crafts VHF radio is not switched off. 
Pilots leave it on and listen for messages 
from pilots in nearby aircraft. A pilot 
who suffers serious turbulence, for 
example, can warn other pilots so that 
they can find a way around it. 

Commercial pilots also can send and 
receive short text messages. They use 
this for standard messages, such as 
weather reports. The messages appear on 
a screen and can be printed out on paper 
using the cockpit printer. 

The amount of information sent and 
received by pilots and aircraft has 
increased over the years, and it will con- 
tinue to increase. In the future, aircraft 
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may be able to use broadband links that 
can transmit live video from the cockpit 
and cabin, as well as giving the crew 
and passengers access to the Internet 
during a flight. 


Space Communications 

The first satellite, Sputnik 1, carried a 
radio transmitter. In 1957 the only way 
to tell if the satellite really had made it 
into space and was orbiting Earth was to 
listen for the bleeps that its radio trans- 
mitted as it passed overhead. 

The frequencies of radio signals used 
to communicate with spacecraft have to 
be chosen carefully because some radio 
signals will not travel through Earth’s 
atmosphere into space. Radio signals 
used for space communications today 
are mainly in the super high frequency 
(SHF) band. Radio signals in this band 
have frequencies from 3 gigahertz to 30 
gigahertz. (A gigahertz is equal to 1 bil- 
lion hertz, or waves per second.) 

In the early days of spaceflight, a 
ground station could communicate with 
a spacecraft only while it was above the 
horizon. When it passed over the ground 
station and disappeared below the hori- 
zon again, contact was lost. Ground sta- 
tions had to be set up all around the 
world to stay in contact with early 
manned spacecraft. 


TDRSS Satellites 

Today, NASA has a fleet of satellites for 
communicating with Earth-orbiting 
satellites and manned spacecraft. This 
network of satellites is called the 





©) Radio communications are vital to pilots. The 


job of this U.S. Air Force sergeant is to maintain 
communications equipment. 


Tracking and Data Relay Satellite 
System (TDRSS). When a ground station 
wants to send a signal to a spacecraft, it 
sends the signal up to the nearest TDRSS. 
The signal is then passed on from satel- 
lite to satellite around the world until 
it reaches a satellite in contact with 
the spacecraft. The TDRSS provides 
communication with many spacecraft, 
including the Space Shuttle, the 
International Space Station, and the 
Hubble Space Telescope. 

TDRSS satellites orbit Earth 22,250 
miles (35,800 kilometers) above the 
equator. This is a special orbit called 
geostationary orbit. A satellite in this 
orbit goes around the world once every 
24 hours. As the Earth also spins once 
every 24 hours, this means that the 
satellite always stays above the same 
spot on Earth. As well as the TDRSS, 
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GS NASA developed systems 
to communicate with its 
astronauts in space. This 
view of Mission Operations 
Control Room during the 
Apollo 13 mission of 1970 
shows astronaut Fred Haise, 
on his way to the Moon, 

on a large TV screen. 


there are many other 
communications satel- 
lites using this orbit. 
The radio signals 
sent to and from space- 
craft carry all sorts of 
information, including the voices 
of astronauts and mission con- 
LOSING CONTACT trollers, video images from the 
Space Shuttle and International 
Space Station, command signals 
for controlling the movements of 
satellites, and science data from 
weather satellites and space tele- 
scopes. Engineering data also are 
sent automatically from rockets 
and spacecraft during missions 
so that mission controllers can 
monitor them. This form of com- 
munication is called telemetry. 


























When the first manned space capsules came 
back (6 karne ne ena Of.a MISSIGK radio 
communication was lost for a few minutes. 
As the capsule descended, It compressed the 
alr in front of itself. This caused the capsule to 
become so hot that it became surrounded 
by a layer of plasma, or electrically charged 
particles. Radio signals to and from Earth 
could not pass through the plasma. 

The Space Shuttle suffered the same radio 
blackout until 1988. Since then, it has been 
able to communicate all the way through 
reentry by using TDRSS satellites. The plasma 
that collects under the spacecraft stops radio 
Signals from being sent downward to Earth. 
The plasma does not cover the top of the 
Space Shuttle, however, so radio signals can 
be sent upward to the TDRSS satellites. 


Deep Space Network 

NASA communicates with its 
deep-space probes in a different 
way, by using the Deep Space 
Network. When radio signals 
from distant space probes arrive 
at Earth, they are very weak. 
Huge radio dishes are needed to 


192 


(c) 2011 M.E. Sharpe, Inc. All Rights Reserved. 


COMMUNICATION 





collect the signals. The dishes are too big 
to be launched into space, but a big dish 
on Earth cannot stay in constant contact 
with a space probe. For half of every 
day, the dish would be on the wrong 
side of Earth. 

NASA uses three huge dishes to stay 
in touch with space probes all over the 
Solar System. The dishes, each 230 feet 
(70 meters) across, are spaced equally 
around the world. One dish is located at 
Goldstone, California. The second is near 
Madrid, Spain, and the third is near 
Canberra, Australia. At busy times, a 
210-feet (64-meter) dish at Parkes, 
Australia, is also used. 

The dishes must be big because the 
radio signals they receive are very weak. 


©) An artist's drawing shows a satellite in the 
Tracking and Data Relay Satellite System (TDRSS) 
in orbit around Earth. The TDRSS provides unin- 
terrupted communication with spacecraft. 


If the signals from the farthest space 
probes were saved up for one billion 
years, there still would not be enough 
energy to power a light bulb. These dish- 
es, however, can lock onto the tiny radio 
signal from a space probe 10 billion 
miles (16 billion kilometers) from Earth! 


SEE ALSO: 


e Air Traffic Control ¢ Avionics 


e Satellite e Sound Wave 
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Concorde 


Type: Commercial transport, 
Supersonic airliner. 

Manufacturer: Aérospatiale (France) 
and British Aerospace. 

First flight: March 2, 1969. 
Primary users: Air France, 

British Airways. 


oncorde was a supersonic 
C transport (SST) that flew at Mach 
2, which is twice the 

speed of sound. Tech- 
nically, it was a remark- 
able airplane, and its 
passengers were thrilled 
by the experience of 
speeding through the strato- 
sphere faster than a bullet. 
Concorde began passenger 
services in 1976 and was 
retired in 2003. 

In the 1950s, engineers 
began drawing up plans for a 
new generation of high-speed 


















© As Concorde prepares to land in 
2003, the world's only supersonic 
passenger service was coming 
to an end. When Concorde 
landed, the aircraft pointed 
upward, but its droop- 
snoop nose tipped 
downward to 

help the 

pilot's view. 
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airliners. Development costs were so 
high that the French aerospace company 
Aérospatiale joined forces with British 
Aerospace to build a supersonic airliner. 
Two Concorde prototypes were built, 
one at Toulouse, in France, and the other 
at Filton, near Bristol in England. 
Concorde 001 first flew on March 2, 
1969, in France. Concorde 002’s first 
flight was on April 9, 1969, at Bristol. 
Concorde was an instantly recogniz- 
able delta-wing airplane. It was powered 
by four Rolls-Royce/SNECMA Olympus 
turbojet engines, each producing 
38,050 pounds (169 kilonewtons) of 
thrust. The plane cruised at just over 
Mach 2 at 51,000 feet (15,545 meters), 
equivalent to 1,354 miles per hour 
(2,179 kilometers per hour). This 
made it twice as fast as the first- 
generation jet airliners, such as 
the 707, that were in service 
when Concorde took to the 
Skies. Concorde’s normal 
range was 3,870 miles 
(6,227 kilometers). 
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Much of the fuel was stored in the 
wings. The fuel acted as a coolant, 
helping to reduce the wing temperature 
when the aircraft was flying supersonic. 
When coming in to land, Concorde had 
a steep angle of attack, meaning that 
it pointed upward. To give the pilot a 
better view of the runway, Concorde 
had a “droop snoop,” a nose that could 
be lowered. 

The passenger cabin was slimmer 
than the cabin of its wide-bodied trans- 
atlantic rival, the Boeing 747, which also 
flew for the first time in 1969. While 
the 747 could carry up to four times 
aS many passengers, Concorde was 
expected to attract people willing to pay 
for a faster flight—New York to London 
in about 3 hours. Maximum seating in 
Concorde allowed for 144 passengers. 

Air France and British Airways began 
scheduled passenger services simultane- 
ously on January 21, 1976. There were 
objections from U.S. environmental 
groups, however, which complained 
about Concorde’s noise and its “sonic 
boom.” They argued that Concorde 
would damage buildings, frighten 
livestock, and disturb sleepers at night. 
Environmental fears halted plans to fly 
Concorde supersonic across the United 
States, and without U.S. airline sales, 
Concorde’s commercial prospects were 
damaged. By the 1970s, air travel was a 
mass-market business. Airlines were 
eager to fill the 300 to 400 seats of 
jumbo jets and less eager to buy an air- 
plane that provided expensive, high- 
speed travel. 





CONCORDSKI! 


No U.S. manufacturer ever built a 
Supersonic transport. The Soviet 
Union, however, produced the Tupolev 
Tu-144, the first SST ever to fly 
(on December 31, 1968). Nicknamed 


“Concordski" because of Its close 
resemblance to Concorde with its 
drooping nose, the Tu-144 cruised at 
1,550 miles per hour (2,500 kilome- 
ters per hour). Passenger services 
lasted only from November 1977 to 
June 1978, when the aircraft was 
withdrawn after a crash. 


On July 25, 2000, an Air France 
Concorde crashed after takeoff from 
Charles de Gaulle Airport in Paris. All 
100 passengers, nine crew, and four peo- 
ple on the ground were killed. Accident 
investigators found that a tire had burst 
after hitting an object on the runway. 
The debris had fractured a fuel tank, 
causing a fire in one engine. In April 
2003, the two airlines announced that 
they were retiring Concorde. In 2003, 
with several Concorde farewell flights, 
the first era of supersonic passenger 
transport came to an end. 


SEE ALSO: 


e Aircraft, Commercial è Aircraft 


Design © Supersonic Flight 
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Control System 


control system links the flight 
J eons of an aircraft (and some 
spacecraft) with its control sur- 


faces. An aircraft’s control surfaces are 
the ailerons, elevators, and rudder. 


Cables and Hydraulics 

The simplest control system uses cables. 
When the pilot moves one of the controls 
in the cockpit, the control pulls a cable. 
The cable is threaded through the plane 
to a control surface in a wing or the tail. 
Moving a control pulls a cable, and the 
cable moves a control surface. 

Early airplanes used a simple control 
system of this kind. Today, only the 
smallest and slowest aircraft are con- 
trolled with cables. Bigger and faster air- 
craft are harder to control with muscle 
power. When the pilot tries to move the 
controls, the control surfaces resist 


because of the greater force of the air 
pushing back against them. 

The biggest and fastest aircraft, 
including most airliners, have mechani- 
cal muscles that are much more powerful 
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than any pilot’s. An airplane’s engines 
drive pumps that force an oily liquid 
through pipes. The pipes go from the 
pumps to machinery in the wings and 
tail that moves the control surfaces. The 
flow of oil through the pipes is con- 
trolled by valves. The valves work like 
faucets—opening a valve lets oil flow 
through it, while closing it stops the flow 
of oil. Moving the flight controls in the 
cockpit opens or closes valves and sends 
the oil to the actuators, the machines 
that move the control surfaces. 

This sort of control system, operated 
by liquid in pipes, is called an hydraulic 
control system. Aircraft usually have 
three or even four separate hydraulic 
control systems. If one fails, there are 
always more to take its place. 


Fly-by-Wire and Fly-by-Light 
The amount of mechanical equipment in 
an aircraft can be reduced by using a 
control system called fly-by-wire. 
Mechanical links between flight controls 
and hydraulics are replaced with electric 
wires. When the pilot moves the con- 
trols, electric impulses flow along the 


© NASA has 
performed 
research with 
an F-18 for a 
future power- 
by-wire control 
system. The 
plane is fitted 
with electric 
actuators. 
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© A US. Air Force technical sergeant performs 


an inspection on a flight control actuator in a 
fighter plane. 


wires to the airplane’s flight computers, 
which activate the hydraulic system. 

An even more advanced control sys- 
tem is called fly-by-light. The control 
signals sent out from the cockpit to the 
various parts of the plane are not elec- 
trical impulses. Instead, they are pulses 
of light that travel along cables made of 
thin strands of glass called optical fibers. 
Glass normally breaks when someone 
tries to bend it, but optical fibers are so 
thin that they can even be tied in knots 
without breaking. 

Another control system being devel- 
oped is power-by-wire. A fly-by-wire 
system replaces mechanical links with 
electric wires, but the aircraft still needs 


SPACE SYSTEMS 


Manned spacecraft have used automatic 
control systems and fly-by-wire since 
manned spaceflight began in the 1960s. 
Early manned spacecraft were controlled 
automatically. They also had a manual 
fly-by-wire control system for use as a 
backup and for maneuvering operations 


in orbit. Today, the Space Shuttle's auto- 
matic control system can fly the craft 
from launch to landing. The only part of 
a mission that must be flown manually 
by the crew Is when the Space Shuttle 
docks with another spacecraft. The Space 
Shuttle's fly-by-wire control system 
fires rocket thrusters in space and moves 
the control surfaces in its wings and tall 
when it is flying in the atmosphere. 





a hydraulic system to power the actua- 
tors. A power-by-wire control system 
uses electric actuators that are powered 
by small electric motors. The goal is to 
produce an all-electric airplane without 
any hydraulics. By getting rid of the 
hydraulic equipment, an aircraft could 
be made much lighter. Making an 
aircraft lighter means that it would 
burn less fuel. 


SEE ALSO: 


e Aileron and Rudder ° Avionics 


e Cockpit ¢ Tail 
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Curtiss, Glenn 


Date of birth: May 21, 1878. 

Place of birth: Hammondsport, 

New York. 

Died: July 23, 1930. 

Major contributions: Aviation pioneer; 
built the world’s first seaplane. 


lenn Curtiss showed a knack as a 
G mechanic and a taste for speed at 

an early age. As a young child, 
Curtiss raced other children on bicycles 
in his town. He opened a bicycle repair 
shop at age seventeen and also began 
working with engines. Soon after, he 
built his first motorcycle. In 1902 he 
formed a new company to produce 
motorcycles in large numbers. At the 
same time, he began racing them, win- 
ning several different championships 
and setting speed records. People called 
him “the fastest man alive.” 
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O Glenn Curtiss sits at the controls of one of 
his biplanes. 
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Curtiss’s motorcycle engines were 
light and powerful, making them perfect 
for aircraft. Hearing of Curtiss’s success 
with motorcycles, pioneer balloonist 
Thomas Baldwin asked him to develop 
an engine for an airship he was building. 
Going aloft with Baldwin, Curtiss devel- 
oped an interest in flying. 

In 1907 Alexander Graham Bell— 
inventor of the telephone—and others 
formed a new group, called the National 
Aerial Experiment Association, to build 
airplanes. They hired Curtiss. In 1908 
Curtiss and his crew produced a small 
plane called the June Bug. With Curtiss 
flying it, the June Bug won a contest to 
become the first American airplane to 
travel 1 kilometer (0.6 miles)—in fact, 
Curtiss flew twice the required distance. 
The next year, Curtiss won another 
American race with a new airplane. In 
the late summer of 1909, in Reims, 
France, he won several competitions, 
enhancing his reputation. 

Curtiss gained another triumph in 
1910. The New York World newspaper 
was offering a $10,000 prize to the first 
pilot to fly from Albany, New York, 
down the Hudson River to New York 
City within a day. Curtiss successfully 
performed the feat, winning the money 
and even more acclaim. 

Curtiss faced a different challenge in 
1911: to produce a working seaplane. 
He placed a long float under the fuselage 
of an airplane as well as smaller ones 
under each wing. The plane had wheels 
so it also could be land-based. The 
wheels were retractable—the first time 
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© The Jenny was one of Curtiss's most well-known 


and well-used planes. This Jenny was preparing to 
fly from Washington, D.C., during the inauguration 
of the U.S. airmail service in May 1918. 


this feature appeared on an aircraft. 
Curtiss built the seaplane for the U.S. 
Navy and demonstrated it successfully 
several times in 1911. 

In 1912 Curtiss produced a successful 
flying boat. Like a regular seaplane, a 
flying boat can be landed on water. 
Instead of using floats, however, it lands 
on the fuselage itself. 

Curtiss began building airplanes that 
the U.S. Army and Navy bought as 
trainers. Each had two cockpits and two 
sets of controls, so an experienced pilot 
could take over if a trainee encountered 
problems. The most well-known of these 
trainers was the Jenny, which became 
the standard military trainer during 
World War I. It was also popular with 
stunt pilots after the war. 

During the 1920s Curtiss continued 
to build new designs. He also became 
interested in developing real estate in 
the Miami, Florida, area. He continued 
working until his death in 1930. 


BITTER RIVALS 


Curtiss met Orville and Wilbur Wright in 
the summer of 1906. At the time his 
only aviation work had been with air- 
Ships. Since the Wrights did not see 
Curtiss as a rival, they were more open 
with him than usual. Later, when Curtiss 
was working on airplanes, the Wrights 
came to think that he had stolen ideas 
iMmenmieunem. [Mey suedanin, and the case 
Stayed in the courts until World War I. 
At that time, the government forced all 
aircraft companies to pool their patents 
in the interests of national security. As 
a result, the case no longer mattered. 
Years later, the Curtiss and Wright com- 
panies merged and became one. 





SEE ALSO: 
e Airship ¢ Flying Boat and Seaplane 


e Landing Gear e Wright, Orville and 
Wilbur 
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Da Vinci, Leonardo 


Date of birth: April 15, 1452. 

Place of birth: Anchiano, Italy. 

Died: May 2, 1519. 

Major contributions: Artist; engineer; 
developer of early designs for parachutes 
and helicopters. 


eonardo da Vinci was born during 

the Italian Renaissance, a period 

marked by great interest in the 
arts and literature as well as the begin- 
nings of modern science. The ideal man 
of learning at the time was one who 
could understand many different fields. 
Leonardo (today, he is often referred 
to by his first name alone) embodied 
that ideal. 

Paintings such as the Last Supper 
and the Mona Lisa cemented Leonardo's 
reputation as a brilliant artist with a 
subtle understanding of human emotion. 
His studies of human anatomy reveal a 
painstaking attention to detail and 
knowledge far in advance of his time. 
The mechanical devices that Leonardo 
built and sketched prove that he was an 
accomplished engineer with a powerful 
imagination. Some of these devices 
show a brilliant mind wrestling with the 
the principles and problems of flight. 

Leonardo received standard school- 
ing for his time. When he displayed 
obvious artistic talent, he was appren- 
ticed to an artist’s workshop in Florence, 
Italy, to learn art. From age fifteen to his 
late twenties, he studied art, drawing, 
and engineering. In 1481, Leonardo 
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©) This eighteenth-century engraving by Cosomo 
Colombino was based on a painting believed to be 
a self-portrait by Leonardo da Vinci. 


began to work on his own. Soon after, 
he began filling notebooks with his 
Observations of the world and his 
thoughts about them. 

Leonardo lived much of his adult life 
away from Florence, working for the 
duke of Milan and the king of France. He 
was renowned for his skill as a painter, 
sculptor, and designer of machines, 
including weapons. 

Early in his life, Leonardo had devel- 
oped an interest in designing a machine 
that could fly. To prepare for this possi- 
bility, he carefully studied the properties 
of air and the anatomy and flight of 
birds. These studies led Leonardo to 
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propose several remarkable ideas. In 
1500, for example, he suggested that the 
weight of a person could be carried by a 
tentlike structure made of cloth. 
Leonardo sketched such a cloth para- 
chute in the shape of a pyramid. Near 
the drawing, he predicted that by using 
it a person could “throw himself down 
from any great height without sustain- 
ing any injury.” Modern adventurers 
have built such a device, following 
Leonardo’s design, and have managed to 
use it successfully. 

That same year, Leonardo sketched 
an even more remarkable device: a heli- 
copter with a central screw that could 
turn the propeller. His notes explained 
how springs could be used to turn the 
screw, but here Leonardo ran up against 
the limitations of technology: at the 
time there was no mechanical force pow- 
erful enough to provide the needed lift. 

Leonardo spent much time trying to 
figure out how to create an ornithopter, 
a device that achieved flight by having a 
person flap its wings. The action was not 
always carried out with arms—in some 
versions, Leonardo intended the power 
to be provided by the flier’s legs. 
Unfortunately, humans do not have 
enough muscle to lift their weight into 
the air in this way. Also, Leonardo did 
not quite understand how bird’s wings 
provide both thrust and lift. His designs 
were doomed to failure. According to 
legend, he tested one of his designs 
using a servant—the story says that the 
servant crashed and broke his leg. 
Leonardo’s last drawing of a flying 





OVA page from Leonardo's notebooks shows 
some of his drawings and writings. 


machine abandoned the ornithopter for 
a fixed-wing glider. He described how 
the pilot could shift weight in the craft 
to change its direction. 

Leonardo’s notebooks hold about 150 
drawings of flying machines. His vision- 
ary ideas did not influence the history of 
aviation, however. His notebooks were 
forgotten until the 1800s, and by that 
time some early advances in flight had 
already been made. 


SEE ALSO: 
e Glider ¢ Helicopter ¢ Lift and 


Drag ¢ Ornithopter e Parachute 
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De Havilland Comet 


Type: Jet passenger transport. 
Manufacturer: De Havilland. 
First flight: July 27, 1949. 
Primary use: Airlines. 


he De Havilland Comet was the 
T first jet airliner. Its appearance in 
1952 caused great interest because 
of its unrivaled speed, but the Comet 


success story was interrupted by a series 
of crashes. 


The Comet Project 

In 1944, before the end of World War II, 
the British government anticipated the 
growth of aviation in the postwar era. It 
requested airplane manufacturers to 
plan a new generation of aircraft for 
civilian use. The government wanted to 
see designs for a jet airliner able to fly 
faster than any existing passenger air- 
craft. The airplane would travel routes 
between the United Kingdom and the 
United States as well as to the various 
nations of the British Commonwealth, 
such as India and South Africa. 

De Havilland was asked to consider 
the project. This British company was no 
Stranger to high-speed aircraft: In 1934, 
it had built the Comet, a two-seater rac- 
ing plane. During World War II, De 
Havilland had built one of the most suc- 
cessful Allied warplanes: the very fast 
Mosquito fighter-bomber. 

De Havilland designers started work 
on a jet airliner in 1946. They decided it, 
too, would be called the Comet. At this 
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COMET 1 


Capacity: 36-44 passengers. 
Engines: Four De Havilland Ghost 
turbojets. 

Wingspan: 115 feet (35 meters). 


Length: 93 feet (26.4 meters). 
Weight: 105,000 pounds 

(47,670 kilograms). 

Range: 1,750 miles 

(2,816 kilometers). 

Cruising speed: 490 miles per hour 
(788 kilometers per hour). 


Stage in aviation history, jet engines 
were very new technology. Little was 
known about the effects on airplanes of 
prolonged high-speed flight at great 
altitudes. The Comet builders were 
pioneers—they also were designing an 
airplane much bigger than any jet plane 
so far flown. At the time, there were 
only a handful of jet planes flying, and 
almost all were single-seat fighters. 


Test Flights 

The finished prototype rolled out for its 
test flight program in 1949. The Comet 
looked futuristic compared with the pro- 
peller planes being used at the time. It 
was a Sleek metal airplane with slightly 
swept-back wings. Its four turbojet 
engines fitted neatly into the root of the 
wing (where the wing joins the fuse- 
lage), giving the airplane an elegant 
look. If the Comet flew as fast as 
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planned, it would surely be a success. 
Piloted by wartime fighter ace John 
Cunningham, hired as a De Havilland 
test pilot, the Comet made its first flight 
in July 1949. The new jetliner made 
headlines the world over. Sleek and fast, 
the Comet seemed to embody the jet age. 

After its first flight in 1949, the 
Comet continued test flights, including 
long-distance trips from the United 
Kingdom to Italy, Egypt, South Africa, 
and Singapore. All went well. On May 2, 
1952, the British Overseas Airways 
Corporation (BOAC) began the world’s 
first jet passenger service, from London 
to Johannesburg in South Africa. The 





©) The Comet 1 was photographed behind a 
De Havilland fighter jet in 1949, the year the 
Comet first flew. The world's first airliner was 


small compared to today's commercial aircraft. 


Comet 1 was not a very big airplane: 
it carried about forty passengers and a 
crew of four (pilot, copilot, engineer, and 
navigator). Its attraction was its speed: 
150 miles per hour (241 kilometers per 
hour) faster than the propeller-driven 
planes then flying the world’s air routes. 
It also was quieter than the propeller 
planes it was intended to replace, and it 
took less time to service between flights. 
The future appeared bright. 
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Disasters 

Many airlines had either ordered or were 
thinking of ordering Comets when disas- 
ter struck on May 2, 1953. A BOAC 
Comet crashed soon after leaving the 
airport at Calcutta, India. The cause was 
not clear. Two more mysterious crashes 
over the Mediterranean Sea followed 
early in 1954. In all three accidents, the 
passengers and crew were killed—a total 
of ninety-nine people. 

All Comets were grounded while 
engineers examined wreckage from the 
crashed planes to discover what had 
gone wrong. They found evidence of 
structural failure in the pressurized 
cabin. The Comet was flying in unex- 
plored airspace, very high and very fast. 
It simply was not strong enough. The 
designers had made the aircraft “skin” 
too thin. This was done in an effort to 
make the plane lighter because the 
engines fitted to the Comet 1 were not 
really powerful enough for its weight. 

The Comet had to be rebuilt. Airlines, 
meanwhile, began to look elsewhere 
for their new jet planes. A modified 
Comet 2 was bought by the Royal Air 
Force in 1955 and used successfully as 
a troop transport until 1967. Only one 
Comet 3, a slightly longer aircraft, ever 
flew, but it was used for testing systems 
and structures for the extensively 
redesigned Comet 4. 


The Comet 4 and 

Its Competition 

BOAC showed its loyalty to the Comet 
by ordering Comet 4s in 1955, but the 
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LESSONS LEARNED 


Airplane manufacturers learned les- 
sons from the Comet. All modern 
alrolanes are very strongly built. 
Their structures (body, wings, 
tailplane, and everything else) are 
tested extensively to see how long It 


takes for cracks to appear. Further 
tests are made during an aircraft's 


working life, to check for any 
signs of structural failure (some- 
times called metal fatigue). If inspec- 
tions show even minute cracks In 
any part of the structure, airplanes 
are taken out of service for repair, or 
they are permanently retired. 





company had to wait until 1958 for 
these new airplanes to be delivered. That 
year, Comet 4s began operating passen- 
ger flights between London and New 
York. The Comet 4 was bigger than the 
Comet 1; it was 18.5 feet (5.6 meters) 
longer and could seat eighty to 100 pas- 
sengers. Its Rolls-Royce Avon engines 
were twice as powerful as the De 
Havilland Ghost engines used in the 
Comet 1. The Comet 4 cruised at 503 
miles per hour (809 kilometers per hour) 
at 42,000 feet (12,800 meters) and had a 
longer range than the original Comet. It 
also had a strengthened fuselage and 
stronger windows. The Comet 4 proved 
to be a perfectly safe and easy airplane 
to fly and travel in. 
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© BOAC began operating passenger flights in the 
Comet 4 in 1958. Unfortunately, other aircraft 
had caught up with the world's first jet airliner, 
and the Comet 4 was outsold by other models. 


By this time, however, airlines— 
especially large airlines in the United 
States—were lining up to buy new, 
U.S.-built jet airliners. The Comet had 
lost its lead in world jet travel to the 
U.S. Boeing 707 and the Douglas DC-8. 
These airplanes were faster and carried 
more passengers than the Comet, and 
they sold in much greater numbers. 



































The Comet, as the world’s first jet 
airliner, never achieved the success that 
its designers had hoped for. The Comet 
airframe was later used as the basis for 
the British Aerospace Nimrod maritime 
patrol aircraft, first flown in 1967. 


SEE ALSO: 
e Aerospace Manufacturing 
Industry ° Aircraft, Commercial 


Aircraft Design e Jet and Jet 


Power © Materials and Structures 
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Douglas 
Commercial 3 (DC-3) 


Type: Commercial transport, medium- 
range airliner. 

Manufacturer: Douglas. 

First flight: December 17, 1935. 
Primary use: Widely used by airlines. 


he Douglas Commercial 3, or DC-3, 
ik one of the most successful 
aircraft ever built. It has been 
called the greatest airplane of all time 


because it made air travel popular with 
passengers and profitable for airlines. 


Day and Night 

Passenger Plane 

The DC-3 was born when American 
Airlines asked the manufacturing com- 
pany Douglas to design a “stretched” 
version of their DC-2 airliner that would 
offer comfortable sleeping accommoda- 
tion. The result was the DST (Douglas 
Sleeper Transport), or Skysleeper, first 
flown in December 1935. This plane pro- 
vided hotel-style luxury, with fourteen 
Sleeping berths converted from folded- 
down seats. 

From this model, Douglas produced a 
day version of the airplane, which it 
called the DC-3. The new plane was 
fitted with twenty-one to twenty- 
four seats, ten more than the standard 
DC-2. The DC-3 was an immediate suc- 
cess. It was delivered to American 
Airlines in August 1936 and operated a 
regular flight schedule between New 
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RELIABLE AND STRONG 


The secret of the DC-3 was its relia- 
bility, excellent safety record, and 
ease of maintenance. Ihe DC-3 had a 
rugged all-metal airframe—only the 
control surfaces were fabric-cov- 
ered. The aircraft had a very strong, 
almost circular cross-section, and 
Strong cantilever wings that were 
Slightly swept back. It had a single 
elevator and rudder, retractable 
landing gear, and an automatic pilot. 
Its engines were as reliable as Its 
strong frame. 


Cruising speed: 207 miles per hour 
(333 kilometers per hour). 

Ceiling: 23,000 feet (7,000 meters). 
Maximum range: 2,125 miles 
(3,420 kilometers). 

Maximum takeoff weight: 25,000 
pounds (11,350 kilograms). 
Wingspan: 95 feet (29 meters). 
Length: 64.5 feet (19.7 meters). 
Height: 17 feet (5.2 meters). 





York City and Los Angeles. Its flight 
times were 16 hours eastbound and 17 
hours 45 minutes westbound. 

Before the end of the year, United 
Airlines also had ordered the DC-3, 
which was proving cheaper to operate 
than the Boeing 247. Over the next 2 
years, thirty airlines placed orders for 
the DC-3. By 1939, more than 90 percent 
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of Americans who bought an airline 
ticket flew on a DC-3. 


DC-3s Go to War 

When America went to war in 1941, the 
DC-3 became even more valuable as the 
C-47 military transport. During World 
War II, the airplanes were built at three 
plants: in Long Beach and Santa 
Monica, California, and in Oklahoma 
City, Oklahoma. 

In its military role as the C-47 and 
other models, the DC-3 underwent 
internal changes. For troop carrying, 
the passenger cabin was refitted with 
utility seats that were set along the 
sides facing inward. The C-47 had twin 
radial engines, giving it a cruising speed 
of 207 miles per hour (333 kilometers 
per hour), and it had a range of 2,125 
miles (3,420 kilometers). It could carry 
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©) Women pose on the steps of an American 
Airlines DC-3 in 1940. 


up to 6,000 pounds (2,725 kilograms) of 
freight or twenty-eight fully equipped 
paratroopers. It was known as the 
Skytrain, the Skytrooper, and the 
“Gooney Bird.” 

The C-47 proved to be an outstand- 
ingly successful troop carrier and was 
also widely used to drop paratroopers 
and tow gliders. C-47s, known in Britain 
as Dakotas, flew secret missions, often at 
night, over Nazi-occupied Europe. They 
dropped Allied agents, guns, and sup- 
plies by parachute to Resistance fighters. 
The aircraft also became a familiar sight 
to troops fighting on the Pacific and 
Southeast Asian battlegrounds. C-47s 
flew over the Himalayas between India 
and China and dropped ammunition, 
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food, and fuel to soldiers in jungle clear- 
ings in Burma or on small Pacific 
islands. 

C-47s took part in the D-Day inva- 
sion of German-occupied northern 
France in June 1944. They also dropped 
Allied airborne troops during the 
Arnhem and Nijmegen assaults (in 
the Netherlands) in September 1944. 
Douglas supplied more than 10,000 
C-47s to the Allies during the war, and a 
further 2,000 were built in Russia for use 
on the Eastern Front. 

There were even DC-3s flying on the 
other side in World War II. The Japanese 
had bought twenty DC-3s in 1939 and 
had acquired a license to manufacture 
the plane. During the war, more than 400 
Japanese DC-3s were used by the 
Imperial Japanese Navy. These planes, 
known as Showa L2Ds, were used main- 
ly as personnel transports. 
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Into the Jet Age 

When World War II came to an end, 
hundreds of DC-3s no longer required by 
the military were quickly snapped up by 
airlines desperate for aircraft with which 
to start postwar passenger services. The 
DC-3 continued to do a valuable job even 
in the jet age, being used in civil avia- 
tion, in the military, and in scientific 
work. In 1956, a DC-3 flown by the 
U.S. Navy became the first airplane to 
land at the South Pole, while assisting an 
Antarctic expedition named Operation 
Deep Freeze. The DC-3 design was so 
effective that it never had to be radically 
altered. The plane did not change much 
during its sixty-plus years of service. 


© During World War II, C-47s provided vital 
links that helped the Allies win the war. The U.S. 
Army carried these Chinese soldiers to training 
camps in a C-47 outfitted as a troop carrier. 
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THE ADAPTABLE AIRLINER 


Very few aircraft have been built in as 
many versions as the DC-3. It is truly 
one of the great multipurpose aircraft in 
aviation history, with about 100 different 
versions developed over the years for dif- 
ferent tasks. Some of those versions are: 
TC-47B Navigator trainer. 
XC-47 Experimental floatplane. 
AC-47D 1965 version with three 
7.62-millimeter machine guns. 
SC-47D Search and rescue model. 
C-53 Skytrooper with twenty-eight 
seats and glider-towing hook. 
C-53B 1942 version with special 
Arctic equipment. 
E4D-4 US. Navy model, later adapted 
for electronic countermeasures. 





Ç in 1946, a C-47 is used to 
take paratroopers on a practice 
jump at Fort Benning, Georgia. 


The Later Years 
DC-3s flown during the 
Korean War in the early 
1950s and in the Vietnam 
War of the 1960s and 
1970s looked, on the out- 
side, the same as the DC-3s 
that flew across the battle- 
fields of World War Il. 
Inside, many changes were 
made as technology impro- 
ved. Radar and electronic 
equipment were updated. In 
some military variants, heavy machine 
guns were fitted so the airplane could 
operate as a low-flying gunship. There 
also were many updates to the engines 
over the years. 

The last DC-3 was delivered from the 
factory in 1946, but there are still hun- 
dreds of DC-3s flying in many countries 
around the world, carrying passengers 
and cargo. Perhaps more than any other 
airplane, the DC-3 established flying as 
a safe, affordable, and popular form of 
transportation. 





SEE ALSO: 
e Aerospace Manufacturing 
Industry ° Aircraft, Commercial 


e Aircraft, Military ° Aircraft Design 
e Boeing ° Engine e Materials and 
Structures ® World War HI 
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Drone 


rone is a short name for a 
| Dees piloted aircraft, also 

known as a remotely piloted 
vehicle (RPV). It is a small airplane that 
can be controlled by radio from 
the ground. A drone also can fly itself 
using data programmed into its com- 
puter system. 

The main task of a drone is to fly 
reconnaissance missions, photographing 
enemy positions, but it also can be used 
as an attack weapon. The advantage of 
drones over manned aircraft is that 
they can operate over dangerous terri- 
tory without risk to a human pilot. Some 
drones have long endurance and can 
stay in the air for as long as two days. 


Drone Development 

A drone resembles a large model air- 
plane. Model enthusiasts build and fly 
radio-controlled airplanes, and the first 
drones were developed from this hobby. 
One of the first drones was the Hewitt- 
Sperry Automatic Airplane, which was 
developed during and after World War I 
(1914-1918). 

During World War II (1939-1945), 
the U.S. Army used the Radioplane 
Target Drone, invented by Walter H. 
Righter and Reginald Denny. (Denny 
was at that time better known as a 
Hollywood actor.) The army used these 
miniature, unmanned airplanes as flying 
targets for pilots and antiaircraft gun- 
ners. Because they were meant to be 
destroyed by gunfire, the drone vehicles 
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VARIOUS ROLES 


Modern drones have five main roles: 
As targets for gunnery practice 
by ground guns or pilots. 

For reconnaissance (obtaining 


information) over the battlefield. 
In combat, where there is high 
risk to human pilots. 

In research and development. 
In civilian use—for example, by 
police, or for geological surveys 
and environmental research. 


had to be cheap—the first Radioplanes 
cost $600 each in 1938 (which would be 
about $8,000 today). 

Later models, such as the OQ-3 of 
1943, could fly at 102 miles per hour 
(164 kilometers per hour). More than 
9,000 OQ-3s were built, and all but six 
were destroyed during target practice. 

Another kind of drone used in World 
War II was the German V-1 flying bomb. 
Its mission was offensive: It was basi- 
cally an unguided missile—a bomb with 
stubby wings and a pulse-jet motor 
(a kind of jet engine). The V-1 had a 
simple guidance system that determined 
how far it would fly before its engine cut 
out and it crashed to the ground, 
exploding on impact. The V-1 was fired 
from a launch ramp and flew at about 
340 miles per hour (about 547 kilo- 
meters per hour). From June 1944, V-1s 
based in Nazi-occupied Europe were 
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used to attack Britain. They were terrify- 
ing but relatively easy to shoot down 
because they flew in a straight line and 
had no way to alter their course after 
launch. The modern equivalent of the 
V-1 is the cruise missile. 


Spy Planes 
In the late twentieth century, with the 
development of ever smaller electronic 
systems, the military saw the potential 
of unmanned aerial vehicles (UAVs) as 
spy planes. A drone could be fitted with 
cameras and modern guidance systems 
to fly on missions over territory where it 
might be risky to send a piloted airplane. 
With a drone, there was no risk of a pilot 
being lost if the vehicle was shot down. 
Drones do not have the same limita- 
tions as people—they do not get tired or 
hungry—so they can stay in the air for 
many hours. A solar-powered drone 
could, in theory, stay in the air for 
weeks. Modern drones are very small 
and some can fly low—sneaking around 
hills rather than flying over them, which 
makes them hard to spot on radar. 
Whereas early drones were always 
controlled by a person on the ground, 
modern drones can fly on their own, 
using built-in control and guidance 
systems. In the future, drones may be 
capable of decision making, replacing 
the human pilot altogether, but this type 
of technology is still far off. 


Drones in Service Today 
Various types of drone are in service. 
Some, such as the Dragon Eye, operate 





©) Small UAVs can resemble model airplanes, 


such as this radio-controlled drone operated by 
a Marine. The aircraft was used in Saudi Arabia 
in 1991 as part of Operation Desert Storm. 


at low altitude. Others, such as the EQ-4 
Global Hawk, can fly at high altitudes, 
Staying in the air for 24 hours. The 
Global Hawk is capable of very long 
flights: in 2001, a Global Hawk craft 
flew 7,500 miles (12,068 kilometers) 
nonstop across the Pacific from the 
United States to Australia. The Global 
Hawk is as big as a small airplane, 44 
feet (13.4 meters) long with a wingspan 
of 116 feet (35.4 meters). It can cruise at 


211 


(c) 2011 M.E. Sharpe, Inc. All Rights Reserved. 


212 


DRONE 


THE PREDATOR 


In the Predator system, four airplanes normally operate 
together, controlled from a ground station and a satel- 
lite link. The Predator crew consists of a pilot and two 
sensor operators; together they fly the airplane from 
a ground station. Ihe drone carries a color camera in 
its nose, giving the pilot a view of the terrain, plus a 
TV camera, infrared cameras (for use at night or low 
visibility), and a radar for scanning through smoke or 
cloud. The Predator has also been used as an attack air- 
craft, carrying AGM-114 Hellfire air-to-ground missiles. 


Length: 27 feet (8.2 meters). 

Height: 6.9 feet (2.1 meters). 

Weight: 1,130 pounds (513 kilograms) empty: maxi- 
mum takeoff weight 2,250 pounds (1,022 kilograms). 
Wingspan: 48.7 feet (14.8 meters). 


Speed: Cruising 84 miles per hour (135 kilometers per 
hour); maximum speed 135 miles per hour (217 kilo- 
meters per hour). 


Range: Up to 450 miles (725 kilometers). 
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around 400 miles per 
hour (644 kilometers per 
hour) at a height of 
65,000 feet (19,812 
meters). Using its radar, 
cameras, and other sen- 
sors, the Global Hawk 
can scan an area the size 
of the state of Illinois in 
a period of 24 hours. 
The smaller MQ-1 
Predator is used by 
the U.S. Joint Forces 
Command. The M stands 
for multi-role missions; 
Q means it is unmanned. 
Predator is normally 
flown at medium alti- 
tude on long-endurance 
missions. The aircraft 
and its control system 
are portable—they can 
be loaded into a freight 
plane, such as a C-130 
Hercules, and airlifted 
anywhere in the world. 
The Predator drone does, 
however, need a runway 
to take off and land. 
Drones can be made 
very small. The Israelis 
have some aircraft that 
can fly in through 
an open window and 
out again on spying 
missions. Known as 
Birdy, the smallest 
Israeli spy drone weighs 
only about 3 pounds 


DRONE 





(1.4 kilograms). Israel uses this minia- 
ture airplane and other slightly larger 
drones (all of which look like model air- 
planes) to take photographs of sensitive 
areas. The aircraft are small enough to 
be carried by a soldier and can be oper- 
ated from a laptop computer. 

In 2006 the Los Angeles Sheriff's 
Department announced that it was using 
drones. Its SkySeer is a small robot pro- 
peller airplane that weighs 4 pounds 
(1.8 kilograms) and is battery driven. An 
officer can carry the kit in a backpack 
and can assemble the drone in as little as 
5 minutes. At the touch of a button, the 
engine whirrs, and the plane takes off. 
The drone carries a video camera and 
can fly over a crime scene (such as 
a burglary) to scan the rooftops of 
surrounding buildings. It also can help 
locate people lost in inaccessible 
terrain—a ravine or forest, for example— 


© The Streaker is used by the U.S. Air Force for 
various missions requiring aerial targets. This 
Streaker is in the air above a drone recovery 
vessel in the Gulf of Mexico that will pick it 

up for repair and reuse. 


using low-light or infrared cameras to 
detect the heat given off by a body. 

One advantage of drones over 
manned helicopters is their cheapness—a 
SkySeer kit costs around $30,000. 
Another asset is the speed with which 
the “eye in the sky” can be deployed 
when the need arises. Their size, in addi- 
tion, gives them access to places where 
larger aircraft cannot go. 


SEE ALSO: 
e Aircraft, Military ° Control 


System @ Radar e World War II 
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Earhart, Amelia 


Date of birth: July 24, 1897. 

Place of birth: Atchison, Kansas. 
Died: July 2, 1937. 

Major contributions: First woman to fly 
alone across the Atlantic Ocean; first 
woman to fly alone across the United 
States; first person to fly from Hawaii 
to California. 

Awards: Distinguished Flying Cross; 
French Legion d'Honneur; Harmon 
International Trophy; National 
Geographic Society Medal. 


ne of the most celebrated of 
() ron: aviators, Amelia Earhart 
is also at the center of a great 
mystery. On her last flight—a daring 
attempt to fly around the world—she 


disappeared, leaving no trace of herself 
or of her aircraft. 


Early Life 
In 1917, the year after she graduated 
from high school, Earhart joined the 
Canadian Red Cross to help soldiers 
fighting in World War I. Working at a 
military hospital, she got to know some 
airmen and became interested in flying. 
Earhart flew in an airplane for the first 
time in 1920, when she immediately 
became captivated by flying. She began 
taking flying lessons, although her 
parents objected. After earning her 
pilot’s license, Earhart scraped together 
enough money to buy an airplane. 
Within weeks, Earhart set a record 
for women by reaching an altitude of 
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14,000 feet (4,270 meters). The record 
did not stand long, but the flight showed 
her daring. By the mid-1920s, Earhart’s 
parents were divorced, and she was 
living in Massachusetts with her mother. 
Earhart took a job as a social worker in 
Boston and on weekends she flew. 


Gaining Fame 

Charles Lindbergh made his famous solo 
flight across the Atlantic Ocean in 1927. 
That feat stirred heiress Amy Phipps 
Guest to strive to be the first woman to 
make that flight. She bought an air- 
plane, but her family would not permit 
her to make the trip. Determined to see a 
woman achieve her goal, Guest asked 
publisher George Palmer Putnam to help 
her find someone who was willing and 
able to do so. 

Earhart was recommended to Put- 
nam, who took a liking to her. (Later, the 
two were married.) Earhart later recalled 
her feelings when offered the chance to 
take part: “How could I refuse such a 
shining adventure!” 

The flight took place on June 4, 
1928. Earhart did none of the flying— 
two male pilots handled that chore. But 
the mere fact of her having been the first 
woman to cross the ocean gained her 
fame. She was heralded as “Lady Lindy” 
and treated to parades and banquets. 

Earhart was determined to use her 
fame to promote flying for women. In 
1929 she helped lead the effort to found 
an organization, the Ninety-Nines, 
which aimed to bring more women into 
aviation. The group’s name came from 


(c) 2011 M.E. Sharpe, Inc. All Rights Reserved. 


EARHART, AMELIA 


the fact that it included 
ninety-nine of the 117 
American women who 
held pilot’s licenses at 
the time. 


Achievements 
Earhart added to her 
celebrity in 1930, when 
she set a women’s speed 
record of 181 miles per 
hour (291 kilometers per 
hour). In 1931 she set a 
new women’s altitude 
record of 18,451 feet 
(5,624 meters). Still, some 
women had criticized 
Earhart for being only a 
passenger on the 1928 
transatlantic flight. Those 
criticisms stung, and she 
was determined to prove 
her worth. 

On May 20, 1932, 
Earhart set out from New- 
foundland, Canada, in 
a twin-engine Lockheed 
Vega to fly solo over the Atlantic Ocean. 
The flight was not easy. Gasoline leaked 
into the cockpit, the altimeter broke, and 
a storm buffeted the plane. At one point, 
the plane plunged 3,000 feet (914 
meters) and then began to spin before 
Earhart could regain control. Never- 
theless, she landed the plane safely in 
Ireland about 15 hours after taking off. 
It was only the second solo crossing of 
the Atlantic Ocean—no one had dupli- 
cated Lindbergh’s feat until then. 





©) Amelia Earhart was a popular figure who 


helped promote aviation in its early days and 
gained acceptance for female aviators. 


Earhart also set a distance record for 
women, flying more than 2,000 miles 
(3,218 kilometers). 

Earhart’s trip made her one of the 
world’s most famous women. She pub- 
lished a book about the trip called The 
Fun of It, which furthered her image as 
a plainspoken charmer. Earhart used the 
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book to continue her campaign to bring 
women into aviation. 

Her next exploit came the following 
year. On August 24 and 25, 1932, she 
flew solo across the United States from 
California to New Jersey. The flight took 
a little more than 19 hours, setting a 
record. The next year, Earhart made the 
Same trip in two hours less time. 

In 1935 Earhart became the first pilot 
to fly solo from Hawaii to California. 
Later that year, she made the first non- 
stop flight from Los Angeles to Mexico 
City and, after a few weeks, carried out 
the first flight from Mexico City to 
Newark, New Jersey. 
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Earhart and Noonan’s 

Final Flight 

All of these triumphs impressed Edward 
Elliott, the president of Purdue Univer- 
sity in Indiana. He set up a fund to carry 
out aeronautical research and bought 
Earhart a new plane. It was a Lockheed 
Electra, equipped with many instru- 
ments. Earhart was determined to use 
the plane for a last flight around the 
world. Pilots Wiley Post and Howard 


€) Fred Noonan and Amelia Earhart stopped in 
Puerto Rico during the first leg of their 1937 
flight. They were photographed climbing back 


into their plane to resume their journey. 
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Hughes had done such a flight, but they 
had taken a northerly route that did not 
travel around Earth at its widest point. 
Earhart set out to do just that. “When I 
finish this job,” she said, “I mean to give 
up long-distance ‘stunt’ flying.” 

Earhart and navigator Fred Noonan 
took off from Miami, Florida, on June 1, 
1937, heading southeast. They flew to 
Brazil and then headed northeast to 
Senegal in Africa. They crossed the 
African continent, skirted the southern 
coast of Arabia, and flew over India 
before turning southeast to reach 
Indonesia. They arrived at Lae, New 
Guinea, on June 28, having made sever- 
al stops and flown nearly 20,000 miles 
(32,180 kilometers). 

The next leg, from Lae to Howland 
Island in the central Pacific Ocean, 
was the longest single section of the 
trip, more than 2,200 miles (3,540 kilo- 
meters). Some technical difficulties arose 
before takeoff, but Noonan and Earhart 
departed on July 1. As they neared 
Howland Island early on July 2, Earhart 
asked by radio for a weather update; 
there was a storm near the island. 
A few more messages were received, 
including one that mentioned low fuel 
levels. The last radio transmission came 
at 8:45 A.M. The plane never arrived at 
Howland’s airfield. Earhart and Noonan 
were never heard from again. 

The U.S. Navy quickly began to 
search the waters near Howland Island 
for some sign of the plane and the two 
fliers, but searchers found absolutely 
nothing. The commonly accepted view is 


INITIAL FAILURE 


Earhart first tried the round-the- 
world trio on March 17, 1937. She, 
Noonan, and two other fliers took off 
from Oakland, California, To Hawai 
that day. The first leg of the trip went 


fine, but mechanical problems devel- 
oped in Hawaii. While the plane was 
being fixed, the other two fliers 
dropped out. Since Noonan was 
more familiar with a transatlantic 
route tne CECSslOtawWas Maden 
change directions. That led to the 
final takeoff from Miami. 





that the plane ran out of gas and went 
down in the ocean, killing Earhart and 
Noonan. Some people have said that 
Earhart was spying on Japanese facili- 
ties in the Pacific on behalf of the 
U.S. government. These people suggest 
that she and Noonan were captured by 
the Japanese after landing. No strong 
evidence has ever been found for this. 

Whatever her fate, Amelia Earhart 
was an inspirational figure. Although 
She first gained fame as only a passen- 
ger, she proved to be an able and daring 
pilot. Her skill, bravery, and winning 
personality made her one of early avia- 
tion’s most beloved figures. 


SEE ALSO: 


e Lindbergh, Charles eè Pilot 
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Einstein, Albert 


Date of birth: March 14, 1879. 

Place of birth: Wurttemberg, Germany. 
Died: April 18, 1955. 

Major contribution: Developed general 
and special theories of relativity, 
explaining the motion of bodies in 
Space and time. 

Awards: Nobel Prize in Physics; Copley 
Medal of the Royal Society of London, 
United Kingdom; Gold Medal of the 
Royal Astronomical Society, United 
Kingdom; Franklin Medal of the Franklin 
Institute, Philadelphia; Max-Planck 
Medal of the German Physical Society; 
honors from many universities and 


other institutions. 
A: science and mathematics 

as a child. Although brilliant, 
Einstein was not a good student. He had 
little patience for learning by memoriza- 
tion, which was the common method of 
education at the time. At sixteen, he 
dropped out of school for a while. Later, 
at university in Switzerland, he angered 
his professors by skipping classes so he 
could focus on his own ideas. 

Einstein earned a teacher’s diploma 
in 1901, but he could not find a teach- 
ing job. His situation continued to wors- 
en for two years, until a family friend 
found Einstein employment in the 
patent office in Bern, Switzerland. The 
job gave Einstein an income. Because it 
was not demanding, it also gave him 
time to think about theoretical problems. 


Ibert Einstein became interested 
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In 1905, Einstein published several 
scientific papers. One set forth his 
Special Theory of Relativity. Another 
offered his famous equation E=mc2 (that 
is, energy is equal to the mass of an 
object times the speed of light squared). 
Einstein said that an object cannot move 
as fast as the speed of light, although it 
can near that speed. The closer it gets to 
that speed, the slower time passes for 
that object from the perspective of 
someone who is standing still. 

In 1915 Einstein published another 
paper explaining his General Theory of 
Relativity. In this, he stated that time 
joins the three dimensions of space 
(height, width, and depth) as a dimen- 
sion of matter. Matter, Einstein said, 
exists in “space-time,” and gravitation is 
a bending of space-time that pulls 
objects toward each other. He proposed 
that the curvature of space-time would 
cause light to be bent around the Sun. 

Einstein’s ideas were not widely 
accepted at first. In 1919, however, sci- 
entists found that the light from stars 
did bend around the Sun, as Einstein 
had suggested. Immediately, he was 
hailed as a genius. 

Einstein became one of the most 
famous scientists of his age. He gave 
lectures and speeches around the world. 
By the early 1930s, however, Germany— 
where Einstein then lived—was no 
longer safe. Adolf Hitler and his Nazi 
Party were growing in power and began 
persecuting Jews. Einstein, who was a 
Jew, left Germany in 1932. He settled in 
Princeton, New Jersey. 
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As the 1930s progressed, 
Hitler gained more power in 
Germany and began to 
rebuild the nation’s armed 
forces. Meanwhile, scien- 
tists there and in other 
countries began using the 
theories of Einstein and 
other physicists to develop 
a powerful new weapon: 
the atomic bomb. In 1939 
Einstein wrote a letter to 
the U.S. president, Franklin 
D. Roosevelt, warning him 
that the Germans were 
making progress in this 
work. He urged Roosevelt to 
undertake a crash program 
to develop such a weapon. 
As a result, the Manhattan 
Project was launched. The 
huge U.S. project produced 
the world’s first atomic 
weapons, which were used 
in 1945 on two Japanese 
cities in a devasting—and suc- 
cessful—attempt to persuade Japan to 
surrender. The bombings brought an end 
to World War IL. 

Einstein spent the rest of his years in 
pursuit of two causes. One was peace. 
Although he had supported the fight 
against Hitler during World War J, 
Einstein was generally a pacifist. The 
other was an attempt to develop a 
unified field theory in physics—that is, 
Einstein hoped to explain how the major 
theories in physics could all be united in 
one single idea. He was unable to 





©) In 1947, Albert Einstein was photographed in 
Princeton, New Jersey, where he had settled after 
emigrating to the United States. 


achieve this goal before his death. Even 
today, physicists still wrestle with 
the problem. 


SEE ALSO: 
e Energy @ Force è Gravity 


e Newton, Isaac ¢ Relativity, 
Theory of 
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Ejection Seat 


n ejection seat is a complex 
Ace of equipment with a sim- 

ple aim: to save pilots’ lives by 
propelling them out of airplanes that are 
damaged and unable to land safely. 
Ejection seats are used in warfare—they 
are not found on civilian aircraft. They 


have saved hundreds of pilots’ lives. 


How It Works 
Aircraft crew members sit in ejection 
seats during normal flight. The seat has 
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the basic parts of bucket, back, and 
headrest as well as some special features. 
Ejecting at supersonic speed subjects the 
human body to forces in excess of 20¢ 
(twenty times the force of normal gravi- 
ty). The seat, therefore, is designed to 
protect the body from g-force and from 
debris. Once clear of the airplane, a 
parachute opens. 

A combat pilot may have to eject 
because of engine failure or a collision 
with another aircraft, or after being hit 
by missile attack. The process has to be 
quick. To activate the ejection seat, 
the pilot can do one of two 
things: pull a handle attached 
to the seat or pull down a small 
curtain that will protect the 
pilot’s face. The pilot’s action 
begins a sequence that removes 
the canopy from the cockpit 
and sends the seat (which is 
mounted on rails) shooting up 
and away from the airplane. It 
is catapulted clear by a ballistic 
cartridge working with a 
rocket unit fitted underneath 
the seat. Once clear of the air- 


G In 2003, Captain Christopher 
Stricklin ejected from a Thunderbird 
aircraft less than a second before it 
hit the ground at an air show in Idaho. 
The pilot had miscalculated a maneu- 
ver and knew he could not save the 
aircraft. He ejected after guiding the 
jet away from the crowd of more 

than 60,000 people and was not 
himself injured. 
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plane, a small drogue parachute opens 
to slow the seat before the main descent 
parachute deploys. The pilot can discard 
the seat before landing. 


History of Ejection 

In the early days of military flying, a 
pilot could simply bail out. This meant 
jumping out of the plane using a para- 
chute. Fighter pilots and bomber crews 
during World War II were sometimes 
able to escape from crashing aircraft, 
but only after opening cockpit canopies 
and exit hatches. As aircraft flew faster 
and higher, engineers came up with the 
idea of a “flying seat” to automatically 
separate pilot from aircraft. 

On July 24, 1946, British pilot 
Bernard Lynch successfully ejected from 
a Meteor jet flying at 320 miles per hour 
(515 kilometers per hour) at the height of 
about 8,000 feet (about 2,440 meters), 
and later from as high as 30,000 feet 
(9,145 meters). The first American test of 
an ejection seat was on August 17, 1946, 
from a P-61 airplane. 

The first American pilot to make an 
emergency ejection from a jet plane was 
Lieutenant J. L. Fruin of the U.S. Navy. 
On August 9, 1949, he ejected from his 
F2H-1 Banshee fighter, at around 575 
miles per hour (925 kilometers per hour). 
The effectiveness of an ejection seat at 
zero level was shown during tests car- 
ried out by the Martin-Baker Company 
in 1955. A squadron leader in the British 
air force was shot out of a Meteor jet 
speeding along a runway at 120 miles 
an hour (193 kilometers per hour). The 





A LONG LANDING 


The longest-ever parachute descent 
after ejecting was that of Lieutenant 
Colonel William H. Rankin of the 
Ue, Manne Comes in 1959 Aften 
ejecting from his F8U Crusader jet at 


47,000 feet (14,325 meters), he fell 
through a violent thunderstorm. 
Instead of taking just a few minutes 
to reach the ground, he was in the air 
for an amazing 40 minutes. The 
Strong currents of air generated by 
the storm kept whisking him upward. 


seat rose 70 feet (21.3 meters) into the air 
before the parachute opened. In 1955 
American test pilot George F. Smith 
ejected from an F-100 Super Sabre while 
diving at more than 700 miles per hour 
(1,126 kilometers per hour)—the first 
Supersonic ejection escape. 

The modern combat pilot still has 
cause to be grateful for ejection seats. In 
June 1995, U.S. Air Force Captain Scott 
O’Grady ejected over Bosnia in Europe 
after his F-16 fighter was hit by a 
surface-to-air missile. He landed safely 
and, after evading capture for six days, 
was rescued by a search team. 


SEE ALSO: 
e Aircraft, Military ° Ballistics 


e Force @ Parachute œ Pilot 
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Energy 
FE nergy is the ability to do work. In 


science and engineering, work is 

done when a force moves an 
object. The work done to move an air- 
craft requires energy. 


Forms of Energy 

There are many different forms of ener- 
gy. Everything that moves has energy; 
the energy of movement is called kinet- 
ic energy. The more massive something 
is and the faster it moves, the more 
kinetic energy it has. Something can 
also have energy because of its position 
or condition. This is potential energy, or 
stored energy. 

There are different types of potential 
energy. If a ball is taken up to the top of 
a hill, work has to be done to move the 
ball upward against gravity. The ball 


Ball gains 
potential 
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thereby acquires gravitational potential 
energy. The energy stored in a squashed 
spring is known as elastic potential 
energy. The type of energy stored in 
chemicals, including aircraft fuel and 
rocket fuel, is chemical potential energy. 

Kinetic energy and potential energy 
are both types of mechanical energy. 
Other forms of energy include heat ener- 
gy, electrical energy, magnetic energy, 
light energy, nuclear energy, and sound 
energy. Heat energy is also called ther- 
mal energy, and light energy from the 
Sun is called solar energy. 

Energy cannot be created or 
destroyed. It can only be changed from 
one form to another. If a ball taken up to 
the top of a hill is allowed to roll down 
the hill, its potential energy changes to 
kinetic energy. If a squashed spring is 
released, its potential energy changes to 
kinetic energy. Burning a fuel changes 


G This diagram 
shows how potential 
energy can turn to 
kinetic energy when 
a ball is pushed up a 
hill and then rolled 
downward. The ball 


Ball gains 
kinetic 


N energy. 


stores potential 
energy acquired on 
the upward journey 
that is released as 
kinetic energy on 
the way down. 
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WHERE DOES A GLIDER’S ENERGY COME FROM? 


Gliders have no engines, so they need to get their energy from another source. 
Gliders are towed into the air by a cable pulled by a plane or by a winch on the 
ground. When the cable Is released, the glider has a certain amount of energy—part- 
ly kinetic energy because of Its movement and partly gravitational potential energy 
because of its height. When a glider dives toward the ground, some of Its potential 
energy changes Into kinetic energy, and it speeds up. 

Energy can be changed in the opposite direction as well. When a pilot makes a 
glider climb, the aircraft's kinetic energy changes back Into potential energy. In still 


alr, a pilot cannot make a 
glider climb back up to the 
same height that it started 
from, because it loses energy 
to the surrounding air. The 
only way a glider pilot can 
avoid sinking slowly to the 
ground Is to find a new supply 
of energy. When a glider flies 
into rising alr, it gains potential 
gravitational energy as the air 
carries It upward. Then it can 
convert this into kinetic energy 
all over again. 


its chemical potential energy to heat 
energy and light energy. 

If all the different forms of energy 
are added up, the total is always the 
same. When a ball rolls down a hill, the 
sum of its potential energy and kinetic 
energy at every instant during its roll 
Stays the same. This is also called the 
law of conservation of energy. An air- 
craft is more complicated than a rolling 
ball, but it follows the same law. 





Energy and Flight 
Flying takes a lot of energy. When a bird 
flies, it uses about fifteen times more 
energy than when it is still. The fuel that 
Supplies this energy is the bird’s food, 
which is stored as fat until it is needed. 
When a bird takes off and flies, it 
needs the chemical energy stored in its 
fatty fuel. The energy is released by 
chemical reactions that use oxygen from 
the air. A lot of oxygen is needed to keep 
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a bird’s muscles supplied with enough 
energy to keep flying. 

Airplanes and rockets have energy 
needs similar to those of a bird. They 
carry energy stored in their fuel, and 
they have to combine the fuel with oxy- 
gen to burn it and release the energy. 
When a jet plane or rocket takes off, 
chemical energy in the fuel changes to 
heat energy in the engines. Heat energy 
changes to the kinetic energy of the hot 
gas that shoots out of the engines. 


Other Forms of Flight Power 
There are other ways than using jet fuel 
to obtain the energy needed for flight. 
There are electric airplanes powered by 
propellers driven by electric motors. The 
electricity is produced by solar cells on 
top of the wings. Solar cells change solar 
energy into electrical energy. 

There have been experimental 
nuclear-powered aircraft, too. In the 
1950s, nuclear-powered military planes 
seemed attractive because they could 
stay in the air for weeks or months. 
Nuclear-powered jet engines were built, 
and at least one nuclear-powered air- 
craft did fly. These planes never went 
into production, however. It proved to be 
too hard to protect the crew from the 
dangerous radiation produced by the 
fuel. If one of these planes had crashed, 
it also could have spilled radioactive fuel 
over a wide area. 


Measuring Energy and Power 


Energy and power are measured in a 
variety of units. Units of energy used in 
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the United States include the foot- 
pound, the Btu, and the kilowatt-hour. 
The foot-pound is the energy needed 
to lift a 1-pound weight a distance of 
1 foot. The Btu, or British thermal unit, 
is the amount of heat needed to raise the 
temperature of one pound of water by 
one degree Fahrenheit. The kilowatt- 
hour is the amount of energy needed to 
supply one kilowatt of power for one 
hour (1 kilowatt equals 1,000 watts). 

The international unit of energy is 
the joule—the amount of energy used, or 
work done, when a force of one newton 
acts through a distance of one meter. 
Another way to describe a joule is to say 
it is the energy needed to lift a small 
apple 3.28 feet (1 meter) off the ground. 


JOHN PRESCOTT JOULE 
(1818-1889) 


The joule, the international unit for 
measuring energy, IS named after 
English physicist John Prescott Joule. 
Joule studied heat and mechanical 
work (the work done in moving 


objects) and how they are connected. 
His research led to the law of conser- 
vation of energy. Joule also found 
the link between the electric current 
flowing through something and the 
amount of heat given out. This con- 
nection is known as Joule's Law, or 
ne JOUlemE ect: 
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©) A DC-3 airliner flies over a stagecoach in the 1940s. The two standard engines in a DC-3 had 1,200 
horsepower each—the combined power of 2,400 horses. 


Power is the amount of work done 
per second. It is a measurement of how 
fast energy changes from one form to 
another. The international unit of power 
is the watt. One watt is the same as one 
joule per second. A 100-watt light bulb 
changes 100 joules of electrical energy 
into light and heat every second. A large 
airliner’s engine is as powerful as about 
2 million of these light bulbs, or about 
200,000 kilowatts. 

Power also can be measured in 
horsepower. One horsepower used to be 


the power of an actual horse. Today, it 
is the same as about 746 watts or 550 
foot-pounds per second. A big airliner 
engine produces approximately 270,000 
horsepower—more power than one- 
quarter of a million horses! 


SEE ALSO: 
e Bird è Force è Fuel è Gravity ¢ Jet 


and Jet Power @ Laws of Motion 
e Weight and Mass 
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n engine is a machine that 
changes heat into motion. 
Powered aircraft are propelled 


through the air by at least one engine. 
Several different types of engines are 
used in aircraft. An engine used for 
flight needs to be relatively lightweight, 
small, powerful, and reliable. 


The First Aircraft Engines 

The first engines used in the earliest 
attempts to build powered aircraft were 
steam engines. They were powerful 
engines, but they were also very heavy. 
They did sometimes manage to lift an 
aircraft off the ground for a few seconds, 
but it soon became clear that a different 
sort of engine was needed. 

When the Wright brothers looked for 
an engine to power the world’s first air- 
plane, they were unable to find anything 
Suitable, so they decided to build their 
own engine. It was a small gasoline- 


“GIVE US A MOTOR" 


Sine Mm@kons theeniet, thing tO oe 
considered. Scientists have long 
said, ‘Give us a motor and we will 


soon give you a successful flying 


machine. 


Inventor Hiram Maxim (1840-1916), 
who tried but failed to build an 
airplane, Ine Cosmopolitan, 7892. 
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O Early rotary engines transformed aviation. 


Gnome engines, such as this one, were used 
widely in World War | and after. They were the 
first successful rotary engines for aircraft. 


powered piston engine with four cylin- 
ders and a can-shaped piston in each 
cylinder. A mixture of fuel vapor and air 
was sucked into each cylinder, squashed 
by a piston, and then burned. The burn- 
ing fuel produced hot gas. As the gas 
heated up, it expanded and pushed the 
piston down the cylinder. The move- 
ments of the pistons up and down inside 
the cylinders provided the power to spin 
the aircraft’s propellers. 

As aircraft designers produced faster, 
bigger, and heavier aircraft, they needed 
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= Four basic types of turbine engines are used 
today: the turbojet, the turboprop, the turbofan, 
and the turboshaft. 


more powerful engines. These large, 
powerful piston engines produced a lot 
of vibration. One way of smoothing out 
the shaking was to fit a heavy metal 
wheel, called a flywheel, to the engine. 
The spinning wheel evened out the pul- 
ses of power produced by the cylinders. 


Spinning Engines 

The flywheel worked well, but it added a 
lot of extra weight to the engine. 
Another type of engine, the rotary 
engine, solved this problem. The 
engine’s massive cylinders spun around 
like the spokes of a wheel. The spinning 
cylinders did the same job as the fly- 
Wheel, so the heavy flywheel was no 
longer needed. Famous World War I 
fighter planes, such as the Sopwith 
Camel, were powered by rotary engines. 

The rotary engine was popular 
because it produced a lot of power for its 
weight, but it caused some problems. A 
heavy weight spinning on the nose of an 
aircraft affects the way it flies. Pilots 
who flew the Sopwith Camel found that 
it turned swiftly to the right, but it was 
much slower to turn to the left. 

It also was difficult to build increas- 
ingly powerful rotary engines. As the 
cylinders tried to spin through the air, 
the air pushed back against them. This 
air resistance, or drag, slowed the cylin- 
ders down. The engine had to use some 
of its power to overcome this drag. 
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Spinning the cylinders faster or adding 
more cylinders to produce more power 
caused even more drag and wasted more 
of the engine’s power. 
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Radial and Inline Engines 
After World War I, other types of 
engines began to replace the rotary 
engine. One of these was the radial 
engine. A radial engine looks like a 
rotary, but the radial engine’s cylinders 
do not spin. 

Radial engines were made smoother 
and more powerful by adding more 


OXYGEN BOOSTERS 


When an aircraft climbs higher 
above the ground, the air 
becomes thinner. There is less 
oxygen. An aircraft's engine 
needs oxygen to burn its fuel. 
Less oxygen means less power. 
The amount of oxygen entering 
the engine can be boosted by 
using a supercharger or a tur- 
bocharger. A supercharger Is a 
pump that forces more air into 
the engine. A turbocharger uses 
a turbine to do the same thing. A 
turbine is a drum with blades 
Sticking out of It, like a windmill. 
The engine drives the turbine, 
and the spinning blades force 
more air into the engine. 


> An F-22 Raptor shows its 
power as it hovers vertically during 


a demonstration at an air show 
in Alaska. 
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cylinders. The most popular rotary 
engines of the time had nine cylinders, 
but the biggest radial engines used in 
aircraft had up to twenty-eight cylin- 
ders. Big radial engines caused a lot of 
air resistance, or drag. The drag was 
reduced by fitting a streamlined cover, 
called a cowling, over the engine to 
deflect air around it. 
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Radial engines were popular until the 
1940s, when there was another change 
in aircraft design. Designers wanted to 
create faster, more streamlined planes, 
so they needed a slimmer engine than 
the radial to fit inside the slender nose of 
the aircraft. They chose the inline 
engine. Its cylinders are in a straight 
line, like a row of bottles. Bigger inline 
engines had two rows of cylinders meet- 
ing at the bottom, forming the shape of 
a letter V. An inline engine with two 
rows of six cylinders—twelve cylinders 
in all—is called a V-12. 

When World War II began in 1939, 
fighters were powered by radial engines. 
By the end of the war in 1945, faster 
fighters such as the P-51 Mustang and 
the Spitfire were using V-12 engines. 
Radial engines continued to be used by 
bigger, slower bombers and airliners. 


Jet Engines 

Propellers did not work well when the 
tips of their blades reached the high 
speeds that airplane manufacturers 
wanted. Companies looked for a type of 
engine that did not use a propeller. 

In the 1920s, an aircraft engineer 
called Frank Whittle had produced plans 
for a new type of aircraft engine. Instead 
of using a propeller, it produced a jet of 
gas. His first jet engine was working by 
1937. One of his engines was fitted to 
an aircraft, which made its first flight 
on May 15, 1941. 

Although Whittle had invented the 
jet engine, his was not the first jet plane 
to fly. In Germany, Hans von Ohain had 


THE AEOLIPILE 


A man named Hero of Alexandria 
made a very simple jet engine about 
2,000 years ago. It was called the 
aeolipile, which means wind ball. 
It was a hollow metal ball with 
small nozzles (pipes), one on each 


Side. The two nozzles pointed In 
opposite directions. The ball was 
Supported so that it was free to 
spin. When the ball was filled with 
water and heated over a fire, the 
water changed to steam. The steam 
jetted out of the nozzles and made 
the ball spin. 





been working on jet engines separately 
from Whittle. One of his jet engines was 
fitted to a Heinkel He-178 aircraft, 
which made the world’s first jet-powered 
flight on August 27, 1939. 

The jet engine belongs to a family of 
engines called gas turbines, or turbine 
engines. Today, all but the smallest air- 
planes and helicopters are powered by 
turbine engines, because they pack a lot 
of power into a small space. 


Turbine Engines 

The turbojet is the simplest jet engine. 
Air entering the engine is compressed by 
spinning fans in what is called a com- 
pressor. The compressed air flows into 
the engine’s combustion chamber. Here, 
fuel is sprayed into the air and burned. 
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The hot gas produced by the burning 
expands and forces its way out through 
the back of the engine. On its way out, 
the jet of hot gas rushes through anoth- 
er set of fans, called a turbine, and 
makes them spin. The spinning turbine 
drives the compressor at the front of the 
engine. Turbojets are best suited to air- 
craft flying at about twice the speed of 
sound. They are also very noisy, so tur- 
bojets are not used much today. 

Most of the jet engines that power 
airliners and military aircraft today are 
turbofans. A turbofan engine has a fan 
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A Pratt & Whitney engine undergoes 
altitude testing before being used in the new 
F-35 Lightning II Joint Strike Fighter. 


at the front. The fans at the front of the 
engines that power the biggest airliners 
are enormous. The fan works like a pro- 
peller with lots of blades. It is powered 
by a turbine inside the engine. Only a 
small fraction of the air that goes 
through the fan enters the engine. Most 
of the air from the fan is blown around 
the outside of the engine. This big mass 
of air moving slowly around the engine 
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provides most of the engine’s thrust. It 
also enables turbofans to be quieter than 
turbojets. Turbofans work best in air- 
craft flying at 250-1,300 miles per hour 
(402-2,092 kilometers per hour). 

Turbine engines also power some 
slower planes with propellers. A turbine 
engine with a propeller is called a turbo- 
prop. A turbine inside the engine powers 
the propeller. Turboprops work best for 
aircraft flying at up to about 450 miles 
per hour (724 kilometers per hour). 

All but the smallest helicopters are 
now powered by turbine engines. These 
engines are called turboshafts. A tur- 
boshaft engine uses the jet of gas from 
the engine to spin a shaft. The spinning 
shaft drives the helicopter’s rotors. 


Ramjets 

The ramjet is a jet engine for very high- 
speed aircraft. It has no fan or compres- 
sor. The engine has to be moving at 
about 600 miles per hour (965 kilome- 
ters per hour) before it starts working. At 
that speed, air rams into the engine so 
fast that a compressor is not needed to 
compress it. The shape of the engine 
enables this to happen. With no fan or 
compressor, there is no need for a tur- 
bine. Ramjets work best in aircraft flying 
at more than twice the speed of sound. 


SEE ALSO: 
e Aircraft Design ¢ Fighter Plane 


e Jet and Jet Power œ% Propeller 
e Rocket ¢ Thrust 
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EXTRA THRUST 


Some aircraft are able to swivel their 
engine exhaust nozzles to point in 
different directions. This action Is 
called thrust vectoring. It was invent- 
ed for aircraft such as the Harrier 
Jump Jet, which takes off straight 
up in the air by pointing its engine 
nozzles downward; it then swings 
the engine nozzles backward to fly 
normally. Some fighter planes use 
thrust vectoring to help them 
maneuver fast In alr battles. The 
engine nozzles of the F-22 Raptor, for 
example, swivel in this way. 

A fighter plane also sometimes 
needs a sudden burst of power or 
Speed to take off or to escape trou- 
Ole in an air battle. Fighters do this 
by using an afterburner, which 
Sprays fuel into the jet engines 
(ews moze. Wie Where Inene 
jet of gas leaves the engine, and the 
fuel instantly burns and gives the 
plane an extra push. Afterourners are 
normally used only for short periods 
because they use up fuel very quick- 
ly. The F-22 Raptor was designed to 
fly at supersonic speeds for long 
periods without using afterourners. 
This ability, called supercruise, gives 
the fighter plane an advantage over 
an enemy plane that may run out of 
fuel in mid-combat. 
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Fighter Plane 


fighter airplane is an aircraft 

designed for combat, usually 

with other military aircraft. 
Fighters are fast, agile, and equipped 
with detection systems and weapons to 
hunt enemy aircraft and shoot them 
down. A modern fighter plane flies up to 
2.5 times the speed of sound (Mach 2.5). 
Because of the amount of weaponry it 
carries, a fighter is often as heavy as a 
World War II bomber. 


First Fighters 

The first recorded aerial combat between 
airplanes took place in November 1913, 
during a civil war in Mexico. Pilot 
Phillip Rader, flying on the side of 
General Victoriano MHuerta’s forces, 





232 


exchanged pistol shots with Dean I. 
Lamb, a pilot serving with the army of 
the revolutionary leader Venustiano 
Carranza. Neither plane nor pilot was hit. 

Fighter planes flew into combat 
for the first time in World War I 
(1914-1918). The first plane shot down 
by another airplane was a German air- 
craft, attacked in October 1914 by a 
French Voisin fighter. 

A typical early fighter plane was the 
British FB5 Gunbus. This biplane had a 
crew of two and a top speed of only 70 
miles per hour (113 kilometers per hour). 
The very first fighter planes had not 
been fitted with weapons—pilots from 
Opposing sides, meeting in midair, 
exchanged pistol shots. The Gunbus, 
however, was more lethal; it had a 
single 0.303-inch machine gun, fired by 


G Aviation pioneer 
Glenn L. Martin built 
a prototype fighter 
aircraft after he 
formed his first 
manufacturing 
company in 1912. 
Martin went on to 
become a leading 
maker of military 
aircraft in both 
World War | and 
World War Il. 
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a gunner who sat in the nose of the 
airplane. To stop bullets from hitting the 
propeller, the Gunbus had a backward- 
facing propeller behind the pilot. 


Machine Guns 

and Monoplanes 

Then German engineer Anthony Fokker 
invented a gun with an interrupter gear, 
which synchronized machine gun bul- 
lets so that they would shoot between 
the whirling blades of a propeller. 
Fokker fighters fitted with these 
synchronized machine guns went into 
battle in 1915 and were immediately 
successful. 

Most fighters gave up the two-seat 
layout and became single-seat pursuit 
or scout planes. The fastest German 
fighter of World War I, the Fokker D.VII, 
could fly 127 miles per hour (204 kilo- 
meters per hour). As well as engaging 
other fighters in aerial battles, or “dog- 
fights,” fighters attacked enemy bombers 
and airships. The most successful fighter 
pilots became known as aces. 

Aircraft speeds did not increase dra- 
matically during the 1920s, and air 
forces continued to use biplane fighters 
with open cockpits. These pursuit planes 
were intended to intercept, chase, and 
shoot down slower enemy bombers. 
Engaging equally fast enemy fighters 
was thought less likely. In the 1930s, 
new monoplane fighters—such as the 
German Messerschmitt Bf 109—came 
into service. They were much faster: 
around 350 miles per hour (563 kilo- 
meters per hour). The Bf 109 served 


ACE PILOTS 


The most successful American 
fighter ace of World War | was 
Captain Edward V. Rickenbacker 
(1890-1973), a former racing driver, 
who led the first U.S. patrol over 
German lites vaiieewiarcn 1917. 


Captain Rickenbacker ended the war 
with twenty-six confirmed victories. 
Other fighter aces of World War | 
included Major Edward Mannock 
(Britain), with seventy-three victories; 
Mantred, Freiherr von Richthofen, 
known as the Red Baron (Germany), 


with eighty; and Captain Paul-René 
Fonck (France) with seventy-five. 

During World War Il, fighter air- 
craft were used to support ground 
attacks as well as to defend territory 
against enemy bombers. German 
fighter aces In this war “scored” far 
more highly than any Allied pilots: 
This was because, in the early years 
of the war, German pilots were 
Opposed by pilots trom European 
SO E a © WEhGmemiVIN Gran 
out-of-date aircraft. The leading 
World War Il German fighter ace, 
Major Erich Hartmann, destroyed 
352 enemy aircraft. 





throughout World War II (1939-1945) in 
the German air force (the Luftwaffe) and 
was used for ground attack as well as 
air-to-air fighting. 
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THE MIGHTY MUSTANG 


The P-51 Mustang began life as a 
hastily built fighter for the British, 
who ordered it in 1940 when they 
were struggling in the war against 
Nazi Germany. At 437 miles per hour 
(703 kilometers per hour), the 
Mustang was faster than almost any 
other fighter of World War Il. Its 
exceptional range of over 2,000 
miles (3,218 kilometers) allowed it to 
escort Allied bombers as far as 
Berlin, Germany. The most popular 
production version was the P-51D, 
of which almost 8,000 were built. 


World War II fighters 

In 1940, Hurricane and Spitfire fighters 
of the British Royal Air Force fought one 
of the most important air battles of the 
war, the Battle of Britain. Fighter pilots 
battled hundreds of German bombers 
and fighters, including Bf 109s. In this 
battle, British pilots had the benefit of a 
new invention: radar. Radar gave early 
warning of incoming enemy aircraft, so 
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ground controllers could direct fighters 
to intercept them. 

Fighter pilots had to adapt their tac- 
tics as air battles became faster and 
more deadly. In the 1930s, pilots flew in 
rigid formation, often in groups of three 
airplanes. By 1940, German pilots found 
it was better to fly in pairs or groups of 
four, and their example was followed by 
many Allied fighter pilots. Allied pilots 
in Europe also used tricks to provoke 
combat. “Rodeo” meant flying over 
enemy territory to entice enemy fighters. 
“Circus” was sending in a decoy force 
of bombers to draw enemy fighters into 
the air, then pouncing on them from 
above. Fighter aircraft that flew in 
support of ground attacks were called 
fighter-bombers. They shot troop con- 
voys, tanks, and trains and bombed fuel 
depots, highways, and airfields. 

Designers strove to produce faster 
fighters with longer range and better 
armament. Outstanding aircraft of World 
War II were the German Bf 109 and 
Fw 190; the Japanese A6M2 Zero; the 
British Spitfire and Tempest; and the 
American P-47 Thunderbolt and P-51 
Mustang. These were all single-engine 
planes. There were also twin-engine, 
long-range fighters, such as the P-38 
Lightning that was used widely in the 
Pacific, and twin-engine night fighters, 
such as the P-61 Black Widow, the first 
U.S. fighter to be equipped with radar. 

In the Pacific, the main fighter battles 
of World War II were between carrier- 
based airplanes. The U.S. Navy met the 
challenge of the Japanese Zero with the 
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©) F-4 Phantoms were important fighters during 


the Vietnam War. By this period, fighter planes 
had become much heavier and more powerful. 


F6F Hellcat and the F4U Corsair. The 
Corsair was said by many Japanese fly- 
ers to be the best U.S. combat aircraft 
they faced. 


Jet Fighters 

In the last few months of World War Il, 
the first jet fighter, the German Me-262, 
zoomed into combat. Much faster than 
any Allied propeller plane, it was power- 
fully armed with a 30-millimeter gun 
and rockets. Fortunately, the Me-262 was 
not used effectively—most Me-262s were 
used to carry bombs, and a bomb load 
reduced its speed. The Germans devel- 


oped other jet airplanes and the rocket- 
powered Me-163, which was designed to 
intercept high-flying Allied bombers. 

The only Allied jet to see combat in 
World War II was the British Meteor, a 
twin-engine fighter fast enough to 
destroy German V-1 flying bombs. The 
first U.S. jet in service, the XP-80 
Shooting Star, was built in just 143 days 
and first flew in January 1944. Too late 
to fight in World War II, it saw combat 
in 1950 during the Korean War. 

After World War II, it was clear that 
propeller-driven, piston-engine fighters 
were obsolete. Air forces hastened to 
equip themselves with jets, which were 
armed with missiles rather than machine 
guns. The U.S. Air Force had its first 
swept-wing fighter, the F-86 Sabre, in 
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1947 and its first all-weather interceptor, 
the F-94 Starfire, in 1949. 

Jet fighters flew in combat during the 
Korean War, and the first victory gained 
in an all-jet air combat came in 1950 
when Lieutenant Russell J. Brown, Jr., 
flying an F-80, shot down a Chinese 
MiG-15 fighter. Jet fighters also demon- 
strated their ability to fly nonstop across 
the ocean, when in 1950 an F-84 
Thunderjet flew from Britain to the 
United States, refueling in the air three 
times on the way. 


STEALTH 


Although the F in the F-117 Nighthawk's 
name designates it as a fighter, the 
stealth aircraft is a primarily a ground 
attack plane. Developed in secret, the 
F-117 became operational in 1983. Its 
unusual shape and construction help 
"blind" an enemy's radar. It relies on 
stealth, not speed, to surprise an enemy. 


The Nighthawk has been used in war- 
fare by the United States in Panama in 
1989, in the 1991 Gulf War, and in Iraq. 
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A Key Role 
In the 1950s, some experts believed mis- 
siles could replace fighters. Experience 
in later conflicts (Vietnam, the Gulf War, 
Bosnia, and Iraq) has shown that the 
fighter plane still has a key role. Its tasks 
are now varied: Besides fighting enemy 
airplanes, it also flies reconnaissance, 
electronic warfare, and strike missions. 
Over time, the fighter pilot’s job has 
become technically and physically more 
demanding. Some planes, such as the 
Russian MiG-31, need a second crew 
member to operate the weapons systems. 
The Russian MiG family of warplanes 
is one of the most famous in aviation 
history. It began with the Mikoyan- 
Gurevich MiG-1, a propeller-driven 
fighter of 1940. The MiG-15 jet (1950) 
was followed by a succession of faster 
MiGs, including the MiG-25, which set 
speed and altitude records. MiG fighters 
led the air forces of many Communist 
nations in Eastern Europe during the 
Cold War, and these fighter planes also 
were built in Chinese versions. 


Fighters Today 
The modern fighter pilot has a comput- 
erized control system. Not only does 
it fly the airplane, but it also detects a 
target and fires missiles long before the 
pilot can even see the target. A display 
panel shows the pilot a virtual picture of 
the combat zone as the airplane “locks 
on” its guided weapons—all this while 
flying at twice the speed of sound. 
With so much equipment and 
weaponry to carry, fighter aircraft have 
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become steadily larger. The F-4 Phantom 
used in the Vietnam War weighed four 
times as much as a World War II 
Mustang, and a modern F-15 is almost 
ten times heavier. There are a few excep- 
tions, such as the lighter AV8 Harrier 
Jump Jet and the F-117 Nighthawk. 
Modern fighters include the F-14 
Tomcat, a shipboard interceptor, with 
variable-geometry wings, or swing 
wings. The aircraft flies well at low 
speed, with its wings extended, but also 
has good performance at supersonic 
speed with its wings swept back. One of 
the most successful U.S. fighters is the 
F-16 Fighting Falcon. Sold to a number 
of countries, this agile, single-seat air- 
craft is capable of flying at 1,320 miles 
per hour (2,124 kilometers per hour). 
Current frontline fighters, such as the 
F-15 Eagle, fly at Mach 2.5 and climb to 
100,000 feet (30,480 meters). They are 
armed with cannons and air-to-air 
missiles and can carry an additional 
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©) A F-35 Lightning II Joint Strike Fighter takes 
off from Lockheed Martin in Fort Worth, Texas, for 
the new fighter's first flight in December 2006. 
Glenn L. Martin's company was one of the compa- 
nies that eventually made up Lockheed Martin, 
now the world's biggest defense contractor. 


16,000 pounds (7,264 kilograms) of 
weapons externally. Like many modern 
airplanes, the F-15 has had a long life. 
Design studies began in the late 1960s, 
the first prototype flew in 1972, and the 
aircraft saw its first combat in the Gulf 
War of 1990. The F-15’s replacement is 
the multi-role F-35 Lightning II Joint 
Strike Fighter, which made its inaugural 
flight in 2006. 


SEE ALSO: 
e Aircraft, Military ¢ Bomber 


e Control System © Radar ®© World 
War I e World War II 
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Flying Boat 
and Seaplane 


lying boats and sea- 
Frae are airplanes that 

can take off and land on 
water. A seaplane, or float- 
plane, looks like a regular air- 
plane. Instead of landing gear 
with wheels, however, it has a 
pair of canoe-shaped floats 
to keep the seaplane afloat. 
A flying boat is a type of sea- 
plane, but it has a boat-shaped 
hull, or body, which rests in the water. It 
has floats fitted on struts beneath the 
wings to provide extra balance. An 
amphibian is a seaplane that also has 
wheels for landing at an airfield. 

Most flying boats and seaplanes are 
high-winged designs, sometimes using a 
“gull-wing” V-shape. The shape places 
the engines as high above the water as 
possible, clear of spray. To take off and 
land, the aircraft skim over the water. 


The Age of Water-Based 
Aircraft 

For a time, seaplanes were the fastest 
planes in the world. In 1931 the British 
Supermarine S6B held the world’s air 
speed record, at 406.9 miles per hour 
(654.8 kilometers per hour). Small sea- 
planes were carried on battleships for 
reconnaissance missions. The seaplane 
was launched by catapult; on return, it 
landed on the ocean’s surface and was 
lifted up out of the water by a crane on 
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© Seaplanes are ideal for landing in remote 


areas, such as Canada's Yukon Territory shown 
here. They can use water as their runways in 
places where runways have not been built. 


the ship. Today, helicopters do the same 
job on many naval ships. 

A flying boat was bigger than a reg- 
ular seaplane—some were very large. In 
some situations it was safer than a land 
plane because, in an emergency, it could 
land on the ocean and float until rescue 
arrived. Flying boats were very popular 
in the 1930s for carrying passengers. 
The big cabin of a flying boat offered a 
high standard of luxury to passengers, 
who could go ashore when the plane 
landed, spend a night in a hotel, and 
resume their journey next day. 

In World War II (1939-1945), flying 
boats were used for ocean patrols and 
for hunting enemy submarines. They 
also pioneered new air routes across the 
Atlantic and Pacific oceans. After World 
War II, land planes got faster. More 
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airports were built in cities—and it was 
between cities that most air passengers 
wanted to travel. By 1950, the age of the 
flying boat had ended. 


The First Planes on Water 

The first airplane to take off from water 
was the Hydravion, piloted by Henri 
Fabre of France in 1910. The first sea- 
plane competition, held in Monaco in 
1912, attracted seven entries. 

A pioneer of seaplanes in United 
States was Glenn Curtiss. As early as 
1910, he and some friends tried to fit 
cloth-covered wooden pontoons to an 
airplane Curtiss had designed, the 
Aerodrome No. 3 June Bug. The first 
attempt to land was unsuccessful, but in 
June 1910, Glenn Curtiss landed on Lake 
Keuka in a biplane attached to a canoe! 
Unfortunately, the canoe plane was 
unable to take off 


The first airplane built by Boeing, the 
Model 1 (1916), was a floatplane. Many 
early airplanes were fitted with floats 
because a watery landing was not likely 
to smash up the plane’s flimsy structure. 
Also, airplanes of this era were often 
forced to land due to bad weather or 
engine failure or when pilots got lost. 
There were few airfields, but there were 
plenty of rivers, lakes, and ocean. 

In 1919 a U.S. Navy Curtiss NC-4 fly- 
ing boat made the first crossing of the 
Atlantic Ocean. It traveled in stages 
from May 16 to 31. The NC-4 was a 
four-engine biplane with a speed of 85 
miles per hour (137 kilometers per hour). 
Three Curtiss flying boats set off from 
Newfoundland, Canada, but only one 
reached Plymouth, England, after a jour- 
ney of 3,925 miles (6,315 kilometers). In 
1924 two Douglas World Cruisers flew 
































again. Curtiss went on 
to build floatplanes 
and flying boats, such 
as his Flying Fish of 
1912. This flying boat 
set a precedent for 
later design by having 
a hydrodynamic hull 
Shape that made take- 
off from water easier. 


= The Dornier Do-X was 
a luxury passenger flying 
boat of the 1930s. First 
built in 1929, it was the 
largest heavier-than-air 

















aircraft of its day. 
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FLYING BOAT AND SEAPLANE 


JET FIGHTERS 


The first and only flying boat fighter 
plane with jet engines was the 
Saunders Roe SR/A1. First flown in 
1947, this airplane was a twin- 
engine fighter, intended to operate 
from water without the need for 
runways. The SR/A1 managed 512 
miles per hour (824 kilometers per 
hour) but was not agile in air combat 
because of the extra weight of its 
boat-shaped hull. It never went Into 
production. A later experiment with a 
jet fighter on water skis, Convair's 
Sea Dart (1953), was similarly disap- 
pointing. The Sea Dart had extend- 
able skis for takeoff and landing. 
In 1954, it became the first seaplane 
to fly supersonic, in a shallow 
dive mihe Tea Dartmaion not smeet 
expectations, however, and the pro- 
gram was ended in 1956. 





around the world. These airplanes had 
floats and wheels, and their record- 
breaking flight took 363 hours. 


Commercial Services 

In the 1920s, the German firm of Dornier 
built the Whale, which set the pattern 
for later passenger flying boats. It had 
four engines set on top of the wing and 
a boat-shaped hull, with airfoil-shaped 
sponsons (float-like attachments to the 
hull) that kept the craft stable on water. 
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The Whale cruised at 112 miles per hour 
(180 kilometers per hour) for a distance 
of 1,243 miles (2,000 kilometers) and 
could carry up to nineteen passengers. 
Whales and the bigger Super Whales 
made many record-breaking flights and 
opened up new commercial services, 
such as flights from Germany to Brazil. 

Pan American Airways started the 
first regular mail and passenger service 
across the Pacific Ocean in 1935, using 
the Martin 130 China Clipper, a flying 
boat. The Clipper could carry forty-eight 
passengers on daytime flights and eight- 
een passengers in a night sleeper layout. 
Britain also built flying boats for long- 
haul routes: The Short Empire flying 
boats (1936), for instance, flew to Africa 
and India. 


Flying Boats at War 
During World War I, navies of warring 
nations used flying boats and other sea- 
planes to attack shipping and patrol 
supply routes. The British built the Short 
Sunderland, a heavily armed patrol 
flying boat, to hunt Nazi submarines 
in the Atlantic Ocean. The Sunderland 
remained in service until 1959. 
Probably the most famous seagoing 
airplane of World War II was the U.S. 
PBY Catalina. Built by Consolidated and 
first flown on March 28, 1935, the twin- 
engine Catalina carried a crew of up to 
nine people. It had a cruising speed of 
117 miles per hour (188 kilometers per 
hour) and a range of 2,500 miles (4,023 
kilometers). The Catalina offered greater 
range and load-carrying capacity than 
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earlier flying boats. It flew with the 
British, Canadian, and Australian forces 
and also was built in Russia. 

As well as flying patrol and bombing 
missions, Catalinas rescued many pilots 
whose airplanes had crashed into the 
ocean, dropping lifeboats into the water 
or landing to pick up fliers from the 
water. Most Catalinas were amphibious 
airplanes—they had wheels and so could 
land on a runway, too. Consolidated also 
built the larger, four-engine PB2Y 
Coronado, a flying boat bomber that saw 
service during World War II. 


The Biggest Flying Boats 

Building flying boats was a specialized 
business. One of the few companies 
making these aircraft was the German 
company Blohm und Voss. It built the 
biggest flying boat of World War II: the 


O A PBY Catalina weathers winds and snow 
at a U.S. base in the Aleutian Islands during 
World War Il. 


six-engine BV 222 Viking, originally 
planned as a civilian aircraft. During the 
war, however, the Viking became a mil- 
itary transport, flying troops and sup- 
plies to German bases in North Africa. 
After Viking, Blohm und Voss built the 
even larger BV 238. This giant weighed 
as much as three B-17 bombers. It made 
its first flight in 1945 but was destroyed 
shortly afterward by Allied aircraft. 
Even the giant BV-238 would have 
been dwarfed alongside the Hughes H4 
Hercules. Built by U.S. millionaire and 
aviator Howard Hughes, this was the 
biggest flying boat ever. Also known as 
the Spruce Goose, it was piloted on its 
unsuccessful first and only flight by 
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Howard Hughes himself. The H4 flew 
for about 1 mile (1.6 kilometers) on 
November 2, 1947, but rose no higher 
than about 80 feet (24.4 meters). The H4 
never flew again. Another postwar 
giant, the British Princess (1952), which 
had ten engines, also failed. It was clear 
that land planes, not flying boats, were 
the future for passenger flying. 

The Martin Company, founded by 
U.S. aviation pioneer Glenn L. Martin 


in 1917, produced several successful 
flying boats for the U.S. Navy, such as 
the PBM Mariner (1939) and P5M Marlin 
(1948). Martin also built the four-engine 
Mars, the biggest flying boat ever used 
by the U.S. Navy. Entering service in 
1943, the Mars was able to carry a load 
of 20,500 pounds (9,307 kilograms) from 
California to Hawaii; it once carried 
308 people. Martin’s P6M SeaMaster 
(1955) was jet-powered and probably 


THE HUGHES H4 HERCULES (SPRUCE GOOSE) 


The Hughes H4 was the biggest flying boat and the biggest propeller plane ever built. 
It weighed 180 tons (163 metric tons) and was 219 feet (67 meters) long. It had the 
biggest wingspan of any airplane—320 feet (98 meters). The H4 had eight engines and 
could have seated 700 passengers, but It was designed to be a military aircraft. The 
H4 is now on display at the Evergreen Aviation Museum in McMinnville, Oregon. The 
huge hangar in which the giant airplane was built later became a movie studio. 


T 
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of the Hughes H4 
Hercules under 
construction in 
Long Beach, 
California, gives 
some idea of its 
immense size. 

‘ Although named 

I the Spruce Goose, 
the huge flying 
boat was actually 
made mostly of 
birch wood. 





(c) 2011 M.E. Sharpe, Inc. All Rights Reserved. 


FLYING BOAT AND SEAPLANE 








— a 


* 


O 


the fastest flying boat ever, with a speed 
of over 600 miles per hour (965 kilo- 
meters per hour). Only three were built 
before the U.S. Navy canceled the 
contract in 1959. The propeller-engine 
Marlin was the last flying boat to serve 
with the U.S. Navy, flying until 1966. 


Amphibians 

Amphibians, designed to land on both 
water and dry land, are more versatile 
than regular seaplanes and land-based 
planes. They are useful in remote 
regions such as northern Canada and 
Siberia in Russia, where there are plenty 
of bays, lakes, and rivers but few cities 
with airports. Amphibians were as pop- 
ular as land-based planes during the 
early years of aviation. 

Amphibious airplanes continue to be 
useful for many tasks. One of the most 
enduring designs was the Canadian- 
built Noorduyn Norseman (1935), which 
is basically a very tough, high-wing 


©) The Canadair CL-215 firefighting plane drops 
tanks full of water that it scoops up while in 
flight. The CL-215 is an amphibious aircraft that 
can land on water and on land. 


monoplane that could be fitted with 
wheels, floats, or skis (for snow and ice). 
Canada also produced the Canadair 
CL-215 (1966). This aircraft, still used 
today, was designed as a firefighting 
amphibian. It has two 600-gallon (2,271- 
liter) tanks for water scooped up while 
flying low over a lake or river and then 
dumped over wildfires. The Grumman 
Albatross (1947) also has enjoyed a long 
career as an amphibian, used by the U.S. 
Air Force and U.S. Coast Guard. 


SEE ALSO: 


e Aircraft, Commercial è Aircraft, 


Military ° Curtiss, Glenn e Hughes, 
Howard èe World War I 
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orces are pushes or 
Proms that can cause 

objects to accelerate 
or change shape. Aircraft 
fly because they produce 
forces that overcome grav- 
ity and allow them to rise 
into the air. They move 
through the air because of 
the forces produced by their engines. 
Spacecraft, which are not traveling in air 
once they leave Earth’s atmosphere, use 
the force of gravity to move in a circle. 


Basics of Force 
In everyday language, acceleration 
means speeding up. To a scientist or 
engineer, however, acceleration can 
mean speeding up, slowing down, or 
changing direction. 

If a force acts on an object that is free 
to move, it makes the object accelerate. 
The larger the force, the greater the 
acceleration. Acceleration also depends 
on mass. A small mass accelerates 
faster than a big mass pushed with the 
Same force. 

Every force has size and direction. 
Quantities such as these are called vec- 
tors. Forces acting in the same direction 
combine to produce an even larger 
force. When forces act in opposite direc- 
tions, they produce a force equal to the 
difference between them. If the forces 
acting on something exactly balance 
each other, there is no overall force, and 
the forces are said to be in equilibrium. 
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Friction 


ral 


©) A snowboarder going downhill gains speed 
due to the force of gravity acting upon the 
snowboarder. Friction is a force that slows the 
snowboarder down. The snowboarder can use 
friction to stay in control or stop. 


Some forces, such as friction, act 
when objects touch each other. These are 
contact forces. Other forces, such as 
gravity and magnetic forces, work at a 
distance. The objects that experience 
these forces need not touch each other. 
These are noncontact or distance forces. 


Friction 
Friction is a force that resists movement. 
It is caused by surfaces catching or lock- 
ing together as they try to slide against 
each other. The size of the force depends 
on the roughness of the surfaces and 
on how much force is pushing them 
together. Friction between objects that 
are stationary is called static friction. 
Friction between objects sliding against 
each other is called dynamic friction, or 
kinetic friction. 

Friction is vital in some places but 
unwanted, or even damaging, in other 
places. People, cars, bicycles, and other 
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land vehicles depend on friction 
between them and the ground to move 
around. Friction stops feet and wheels 
from slipping and gives them something 
to push against. 

Inside engines, however, friction is 
not wanted. It slows down moving parts 
as they try to slide over each other. It 
also causes wear and overheating as sur- 
faces rub together. One way to reduce 
friction is to use oil to make surfaces 
more slippery. Using oil to reduce fric- 
tion is called lubrication, and the oily 
liquids used are known as lubricants. 


Thrust 

The force that drives a jet plane forward 
is the thrust of its engine or engines. A 
jet engine produces forward thrust by 
accelerating gas backward. The forward 
thrust is a reaction to the backward force 
of the jet. Because of this, jet engines 
and rockets also are called reaction 
engines. A spinning propeller thrusts 
an airplane forward by accelerating the 
air backward. 

Thrust is one of four forces that act 
on every powered aircraft. The other 
forces are drag, lift, and weight. Drag 
acts in the opposite direction to thrust. 
Weight is the force of gravity acting on 
the mass of the plane, pulling it down- 
ward. Lift is the upward force produced 
by a plane’s wings, a helicopter’s rotor 
blades, or the lifting gas of an airship. 


Moving in a Circle 
A force that acts in the same direction as 
an object’s movement can make it go 


FORCE IN SPACE 


Qutside the atmosphere there Is no 
air, so there Is no lift or drag. Once a 
Spacecraft Is In space, It uses rockets 
to produce the thrust needed to 
change speed or direction. Without 
drag, a spacecraft does not have to 
keep firing its rockets to maintain Its 
speed. Not all spacecraft travel 
completely outside the atmosphere. 
Spacecraft orbiting at a low altitude 
pass through the outer atmosphere. 
The atmosphere causes drag, which 
Slows spacecraft down, and they 
Slowly lose altitude. To maintain 
orbit, they fire rockets to move back 
up to a higher orbit. 

Spacecraft turn in space by firing 
smoke teor a e called 
thrusters. A spacecraft will continue 
to turn, even when a thruster stops 
firing, because there Is nothing to 
Stop it from doing so. A second 
thruster has to be fired in the oppo- 
Site direction to stop It from turning. 





faster in a straight line. A force also can 
make something move in a circle. A 
turning force is also called torque or 
moment—the force applied by a wrench 
to tighten a nut, for example, is torque. 

Earth’s surface and everything on it 
constantly moves in a circle. Spacecraft 
orbiting Earth are moving in a circle, 
too, or in an elongated circle shape 
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called an ellipse. An object can be made 
to move in a circle by a force directed 
toward the center of the circle. This sort 
of force is called centripetal force. 

If a ball is whirled around at the end 
of a piece of string, the pull of the string 
provides the centripetal force that keeps 
the ball flying in a circle. The centripetal 
force that keeps everything on Earth’s 
Surface and keeps orbiting spacecraft 
moving in a circle is gravity. 
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GS The Moon Stays in orbit 
around Earth because of 
Earth's gravity, which is a 
centripetal force. 


G-Forces 

Fighter planes sometimes 
have to make extremely 
tight turns in combat. 
The acceleration forces 
caused by these tight 
turns are often called 
g-forces because they are 
measured by comparing 
them to the force of 
gravity at Earth’s sur- 
face. An acceleration 
force equal to Earth’s 
surface gravity is 1g. A 
force twice as strong as 
this is 2g, and so on up 
the g-force scale. 

The human body can 
survive g-forces as high 
as about 40g, but only 
for a brief time. People 
who ride on the most 
extreme theme park rides 
normally experience acceleration forces 
of up to about 4g. Fighter pilots train to 
withstand g-forces up to about 9g. 

Forces as strong as 9g pull blood 
from a pilot’s head down into the body 
and legs. Without any protective cloth- 
ing or training, the pilot would faint 
from lack of blood in the brain. This type 
of fainting is also called g-loc, which 
stands for g-induced loss of conscious- 
ness. Pilots get some warning of g-loc 


(c) 2011 M.E. Sharpe, Inc. All Rights Reserved. 


FORCE 


because the shortage of blood in their 
head causes problems with their vision. 
Fighter pilots protect themselves 
from g-loc by wearing an anti-g suit. In 
a tight turn, air is pumped into the suit’s 
body and legs. It squeezes the pilot’s 
body and legs to stop blood from drain- 
ing down out of his or her head. Pilots 
also tense the muscles in their bodies to 
push more blood up into their heads, but 
this straining maneuver is very tiring. 
Pilots can be helped by one more system: 
Oxygen-rich air is forced into their lungs 
through a facemask. Air also must be 
pumped into an inflatable vest, which 
presses the pilot’s chest with equal force. 
Fighter pilots can experience nega- 
tive g-forces, the forces that act in the 
opposite direction to gravity. A negative 
g-force forces extra blood up into a 
pilot’s head. This causes an effect called 
red-out, because the pilot’s vision turns 
red. Pilots can only withstand negative 
g-forces of about -2g or -3g at most. 


© T-38 jet 
trainers are used 
to train fighter 
pilots in super- 
sonic and high- 
altitude aviation, 
aerobatics, and 
instrument flying. 
The pilots visible 
in the cockpits 
are subject to 
g-forces in the 
course of their 
training. 


UNITS OF FORCE 


The units used for measuring force 
include the newton and the pound 
force. The newton Is the internation- 
al UMGOMIOnce. [IS tne TOleeimecced 
to make a mass of 1 kilogram accel- 


erate at 1 meter per second squared 
(or per second per second). This force 
ISPKOUGHIY —theesame Torco enmi 
weight of a 3.5-ounce (about 100- 
gram) object—a small apple, for exam- 
ple. The pound force Is the weight of a 
mass of 1 pound (0.454 kilogram). 


SEE ALSO: 

e Gravity ° Jet and Jet Power 

e Laws of Motion e Lift and Drag 
e Thrust ¢ Weight and Mass 
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Fuel 


fuel is a substance used to pro- 
Ae heat or power. Fuels con- 

tain energy that is usually 
obtained by burning the fuel. Aircraft 
and spacecraft use fuel to produce 
power. When fuel is burned inside an 
engine, it produces a lot of gas. The 
heat makes the gas expand rapidly, and 
this provides the power to propel the air- 
craft through the air. A variety of 
different fuels are used in aviation and 
spaceflight. 


Aviation Fuels 

There are many aviation fuels, each one 
a different mixture of chemicals. Extra 
chemicals called additives are included 
in the mixture to make it burn smoothly 
instead of exploding and to stop it from 
freezing solid or growing bacteria. 

Early aircraft used the same sort of 
gasoline fuel as automobiles. When new 
types of engines were developed, new 
fuels were produced specially for them. 
Today, aircraft with piston engines (like 
automobile engines) use a type of gaso- 
line called Avgas. The first jet engines 
built in Germany used gasoline, too. 
Modern jet engines burn a different fuel, 
called kerosene. 

The first fuel produced especially for 
jet engines was called Jet Propellant 1, 
or JP-1. When fuels were created for 
new military aircraft, each new fuel was 
given a JP number: JP-2, JP-3, etc. The 
U.S. Navy, for example, wanted to 
develop an aircraft fuel that would not 
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FUEL TANKS 


Planes usually store fuel in tanks 
inside their wings. The Boeing 747- 
400 jumbo Jet's giant wings hold an 
enormous amount of fuel. There are 
three fuel tanks in each wing, anoth- 
er tank in the space where the wings 


join the fuselage, and another tank 
inside the horizontal stabilizer, or 
tailplane. When the tanks are all Tull, 
they hold more than 57,000 gallons 
(about 216,000 liters). This huge 
amount of fuel enables the 747-400 
to fly a distance of more than 8,000 
miles (12,872 kilometers) before it 
has to land and refuel. 


catch fire as easily as JP-1, so that it 
could be stored more safely on board 
ships. This new fuel was named JP-5. 
Fuels for nonmilitary jets have differ- 
ent names. The most widely used fuels 
for commercial jets are Jet A-1 (most 
common worldwide) and Jet A (most 
used in the United States). A different jet 
fuel, Jet B, is sometimes used in the 
coldest parts of the world, including 
Canada and Alaska. Jet B is a mixture 
of gasoline and kerosene—the gasoline 
helps the fuel burn in very cold air. 
When superfast spy planes were built 
in the 1960s, they were unable to use the 
same fuel as other jet planes. They flew 
at more than three times the speed of 
sound. At such a high speed, air rubbing 
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against a plane’s body heats it up. The 
wings of the new spy planes became so 
hot that fuel stored inside them could 
explode. 

Chemists created a new fuel, JP-7, 
that could be heated to very high tem- 
peratures without exploding. It is said 
that a burning match dropped into JP-7 
will actually go out. 


Rocket Fuels 

When fuel burns, it combines with 
oxygen in the air. Without oxygen, fuel 
will not burn. Rockets have to function 
in space, where there is no air to supply 
oxygen, and so they carry their own 
supply of oxygen—or a chemical that 
contains oxygen, called the oxidizer— 
for burning the fuel. The fuel and the 
oxidizer also are called propellants. 


Rockets can use Kerosene fuel, just as 
aircraft do. The rocket fuel RP-1 is 
kerosene. The first stage of the giant 
Saturn V rocket that launched astro- 
nauts to the Moon during Project Apollo 
burned RP-1. 

Hydrogen is another popular rocket 
fuel. The Space Shuttle’s main engines 
burn hydrogen and oxygen from an 
external tank. Hydrogen and oxygen are 
normally gases, but the tanks needed to 
carry enough of these gases to launch 
a heavy rocket into space would be 
gigantic. Hydrogen and oxygen, there- 
fore, are cooled and compressed until 


@) Aircraft that are not equipped with large fuel 

tanks can be refueled in midair by other aircraft. 

The instrument used to do this, visible here in the 
foreground, is called a refueling drogue. 
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TYPES OF FUEL 


Every fuel has a flash point. The flash point is the lowest temperature at which a fuel 
can be set on fire by a spark or flame. A fuel with a low flash point catches fire more 
easily than a fuel with a high flash point. Avgas has a lower flash point than jet fuel. 


Fuel 
Avgas 
Jet À 
Jet A-1 
Jet B 
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Used by 

Piston-engine aircraft. 

Jet aircraft in the United States. 
Jet aircraft internationally. 

Jet aircraft in the coldest places. 








Flash point Freezing point 
-40°F (-40°C -76°F (-60°C 
100°F (38°C -40°F (-40°C 
100°F (38°C -53°F (-47°C 
(- 


) 
) 
-4°F (-20°C) -58°F (-50°C 


) 
) 
) 
) 


they change to liquids, which take up 
much less space. Hydrogen has to be 
cooled to -423°F (-253°C). Oxygen has 
to be cooled to -298°F (-183°C). Super- 
cold propellants such as these are known 
as cryogenic propellants. 

There are some chemicals that burst 
into flames as soon as they meet. They 
are useful as rocket propellants because 
they do not need a spark or flame to 
start them burning. Propellants of this 
type are called hypergolic propellants. 
Turning off the supply of hypergolic 
propellants stops a rocket from working. 
Turning them on makes the rocket fire 
again. Hypergolic propellants are used 
by small rockets that have to start and 
stop frequently, such as those that help 
the Space Shuttle maneuver in space. 


G A solid rocket booster is maneuvered into 
place on a Delta Il rocket that is being prepared 
for launch by NASA at Cape Canaveral Air 
Force Station in Florida. 
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The simplest rockets burn 

solid fuel, like giant fireworks. The 
fuel and oxidizer are mixed while liquid 
and then poured into the rocket, where 
they set hard. To fire a solid fuel rocket, 
a flame is sent down a hole through the 
middle of the rocket. Once a solid fuel 
rocket starts firing, it keeps going until 
all the propellant is used up. Small solid 
rockets are often strapped to the side of 
a bigger rocket to supply extra thrust for 
takeoff. The biggest solid fuel rockets 
ever built are the two solid rocket boost- 
ers (SRBs) that help to launch the Space 
Shuttle. 


Fuels of the Future 

The fuels used by aircraft today are 
mainly made from oil. When they burn, 
they release gases into the atmosphere. 
One of these gases is carbon dioxide. 
Excessive carbon dioxide in Earth’s 


a 













=> Photographed just 
before its landing in 1986, 
Voyager became the first aircraft 
to make a nonstop flight around the 
world without being refueled. Aircraft 
of the future will need to be increasingly 
fuel efficient. 





atmosphere is one cause 
of the current global warming 
that Earth is experiencing. 
Scientists are working on 

ways to reduce carbon dioxide 
levels because global warming caus- 
es changes in the climate and weather 
patterns. 

Burning fuels also cause pollution. 
The aviation industry, therefore, is 
beginning to think about developing 
new fuels for the future that will be 
kinder to the environment. Hydrogen is 
one possibility. Hydrogen is a very clean 
fuel, and, when it is burned, it produces 
heat and water. 

Although hydrogen is used by rockets, 
there are problems with using hydrogen 
fuel in aircraft. It is difficult to transport 
and store safely because it catches fire 
very easily. Also, the production of 
hydrogen releases a lot of carbon diox- 
ide. When cleaner ways of making 
hydrogen have been developed and stor- 
age issues addressed, its use as an engine 
fuel is likely to become widespread. 


SEE ALSO: 


e Energy @ Engine ¢ Rocket ¢ Thrust 
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Please see Volume 5 for a complete glossary 
for all volumes. 


Accelerate In scientific terms, to gain 
speed, slow down, or change direction. 
More generally, accelerate means to 
speed up. 

Actuator Machine that moves the control 
surfaces of an aircraft. 


Aerospace Earth’s atmosphere and space; 
also the science and industry surrounding 
air and space. 


Amphibious Adapted for both land and water. 


Angle of attack Angle between the direction 
in which a wing is pointed and the direction 
of the air flowing over the wing. 


Astronomy Study of objects in space. 


Atmospheric drag Force, caused by gas 
particles hitting an object, that slows 
aircraft or spacecraft moving through the 
atmosphere. 


Attitude Angle of an aircraft in relation 
to the horizon or in relation to its sur- 
roundings. 


Ballistic Moving in a trajectory after being 
thrown or fired. 


Barrage balloon Tethered balloon flown over 
an area during World War II to make it hard 
for low-flying bombers to bomb accurately. 


Canopy Transparent cover of a cockpit; also 
the fabric part of a parachute or hang glider 
that is suspended above the passenger. 


Carrier wave Radio signal that can carry 
information from a transmitter to a receiver. 


Cold War Period of hostility between the 
United States and the Soviet Union that 
began in the mid-1940s and continued 
until the late 1980s. 


Control surface One of the surfaces (such as 
an aileron, elevator, or rudder) on an aircraft 
that are used to control and change direction. 
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Control system System that links the flight 
controls of an aircraft or spacecraft with its 
control surfaces. 


Docking Joining one spacecraft to another 
in space. 


Drag Backward force on a moving object, 
such as an airplane, produced by the sur- 
rounding air resisting the movement of the 
object passing through it. 

Drone Small, remotely piloted aircraft—also 
known as a remotely piloted vehicle or 
unmanned aerial vehicle (UAV)—that can be 
controlled by radio from the ground or that 
flies itself using data programmed into its 
computer system. 


Ellipse Oval shape. 


Flap Moving part on the trailing edge of 
an airplane wing that is extended during 
takeoff and landing to increase lift. 


Flight deck Cockpit of a large aircraft or of 
a spacecraft such as the Space Shuttle; also 
the upper deck of an aircraft carrier that is 

used for a runway. 


Fluid Liquid or gas. 


Fly-by-wire Aircraft control system that uses 
electrical wires instead of mechanical parts. 


Friction Force that resists movement and is 
caused by surfaces catching together as they 
try to slide against each other. 


G-force Force caused by acceleration that 
is measured in relation to the force of gravity 
at Earth’s surface. 


Heading Direction of an aircraft. 


Hertz Unit of measurement of the frequency 
of sound waves or other waves. One hertz is 
equal to one wave, or compression, passing 
any given point in a second. 


Hydraulic Using a control system that is 
operated by pumping liquid—such as oil or 
water—through pipes. 
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Interrupter gear Device that synchronizes 
machine gun bullets so that they shoot 
between the whirling blades of a propeller 
at the front of an aircraft. 


Joule International unit of energy used 
to measure the amount of energy used, or 
work done, when a force of 1 newton 
acts through a distance of 1 meter. 


Jump jet Jet plane that takes off and lands 
vertically using vectored thrust—swiveling 
its engine nozzles so they point downward. 


Law of motion Theory about the way 
objects move when forces act on them. 


Lift Upward force produced by the effect 
of an airfoil shape passing through air. 


Mach Ratio of the speed of a body to the 
speed of sound. The speed of sound is 
known as Mach 1. 


Mass Amount of matter of which an object 
is made. On Earth, an object’s weight is the 
same as its mass. 


Momentum Property of all moving objects 
that is calculated by multiplying an object’s 
mass by its velocity. 


Newton Unit of measurement of the 

force needed to make a mass of 1 kilogram 
accelerate at 1 meter per second squared 
(or per second per second). This force is 
roughly the same force as the weight of 

a 3.5-ounce (100-gram) object, such as a 
small apple. 


Ornithopter Aircraft that creates its thrust— 
and most of its lift—by flapping its wings. 
Paratrooper Member of the paratroops, a 
military unit trained to parachute. 


Pitch Motion of an aircraft about its lateral 
axis that makes its nose tip up or down. 


Plasma Cluster of charged particles, similar 
to a gas, that can form when a gas is 


exposed to extreme heat or an electric field 
and many of its atoms become ions. 


Probe Robot spacecraft sent into space. 


Propellant Something that propels (drives 
forward), such as the chemicals used to fuel 
a rocket engine. 


Radar System that uses radio waves to 
detect and locate objects and movement. 


Radiation Form of energy released in invisi- 
ble waves and particles. 


Rocket booster Solid-fuel rocket that 
provides a rocket with extra thrust. 


Rotary engine Type of engine in which parts 
turn around a central shaft. 


Slipstream Stream of air behind a fast- 
moving object. 


Solid fuel Type of propellant made by 
mixing a liquid oxidizer and fuel and 
hardening them to form a solid. 


Spaceport Place where spacecraft are 
launched and can land. 


Stabilizer Part of an aircraft that helps to 
keep it steady in the air. 


Stealth Technology that uses a combination 
of design factors—including special materials, 
engines, and shape—to enable an aircraft 

to evade detection by radar. 


Suburbital Trajectory that does not com- 
plete a full orbit of Earth, or other body. 
Suborbital flights go to very high altitudes 
but do not enter into orbit. 


Tilt-rotor Aircraft with propellers that can 
tilt different ways for lift and propulsion. 


Wingspan Distance from the tip of one 
wing to the tip of the other wing on a bird 
or an airplane. 


Yoke Flight control, similar to a steering 
wheel, that can make an airplane climb, 
dive, or turn from side to side. 
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Future of Aviation 


or most of the twentieth century— 
F ever since the Wright brothers took 


to the air in 1903—the prospects 
for aviation seemed brighter with each 
passing year. From the start of transcon- 
tinental passenger flights in the 1930s, 
through the beginning of the jet age in 
the 1940s, to supersonic and wide-body 
air travel in the 1970s, progress was 
rapid. Air transportation made the world 
seem smaller, and by the 2000s it had 
given rise to a billion-dollar tourist 
industry. Some people thought nothing 
of flying across the Atlantic Ocean from 
Europe to America for a weekend’s 
shopping or from the United States to a 
Pacific island for a vacation. 


€) The solar-electric Helios Prototype flying wing 
was tested for the first time on an 18-hour flight 
in Hawaii in 2001. Solar-powered and electrical 


aircraft will feature increasingly in the future. 
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Air travel is currently growing at 3 to 
5 percent each year, and air cargo trans- 
portation is growing even faster. New 
airports are being planned and existing 
ones made larger to cope with this 
growth. Increasing numbers of people 
are taking up sports flying activities, 
such as gliding, microlight flying, sky- 
diving, and paragliding. The aviation 
industry provides many thousands of 
jobs, especially in the richer countries. 
In its short history, aviation has trans- 
formed the world. Can it continue to do 
so in the future? 


Challenges to Airline Travel 

The terrorist attacks of September 11, 
2001, when airliners were targeted by 
terrorists, caused a temporary drop in 
the number of people wanting to fly, 
especially long-distance. It also led to 
new security measures to counter the 
terrorist threat. In the twenty-first 
century, air passengers will continue to 
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experience a high level of security 
checks at airports. 

While terrorism may not stop people 
from flying, environmental concerns 
will affect the future of aviation. 
Scientists now highlight carbon emis- 
sions from airplanes as contributing 
substantially to global warming. 
Environmentalists suggest higher fares 
and cutbacks in airline travel. Some 
aviation experts favor bigger planes that 
can carry more people on fewer flights. 
Others argue that improved, fuel- 
efficient engines will be the answer. 
Another problem is noise pollution 
around airports, although today’s jets 
are 75 percent quieter than jets were in 
the 1960s. 

Rising costs, especially for jet fuel, 
will affect the airline industry. There is 
fierce competition between low-cost 
airlines, which offer cheaper flights with 
few extras, and the established long- 
distance airlines. There may not be room 
for many small airlines to operate, and 
the tendency for major airlines to merge 
is likely to continue. 


Aircraft Manufacture 
Developing a new airliner or military jet 
can take ten years or more, and its serv- 
ice life may be thirty or forty years. 
Often, engineers have to choose between 
existing technologies and new ones. 
They also must predict what demand 
will be like in twenty or fifty years. 
Aviation industry experts foresee a 
huge market for new airplanes in Asia, 
especially in India and China. These 


nations may well become leading air- 
plane manufacturers. At present, the 
world’s airline business is dominated by 
the manufacturers Airbus and Boeing. 

The European aerospace group 
Airbus is backing its A380 “super 
jumbo” airliner, which can seat 555 peo- 
ple. U.S. giant Boeing hopes that its hi- 
tech 7E7/787 Dreamliner will be more 
attractive to airlines, although this plane 
seats only half as many passengers. The 
A380 will be able to land only at large 
airports, whereas the smaller Dreamliner 
will fly to more destinations. Boeing also 
plans to keep building the reliable 747 
(first flown in 1969). 


Types of Airplanes 

For many people, long-distance flying is 
a tedious ordeal, not a pleasure. Airplane 
designers of the future may make flying 
more comfortable by fitting fewer, big- 
ger seats, maybe arranged diagonally 
instead of in rows. Larger airplanes with 
fewer seats would offer passengers the 
chance to stretch their legs during the 
flight. Passengers should be able to surf 
the Internet on a laptop (Internet access 
on airlines was approved by the FAA in 
2005). They may even be able to order 
meals and drinks from a virtual flight 
attendant who pops up onscreen at the 
click of a button or mouse. 

In the twenty-first century, air travel 
will feature a mix of aircraft types: 
large- and medium-size, very fast and 
relatively slow, and some with VSTOL 
(vertical/short takeoff and landing) 
capability. There might be a return to 
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A 





HYPERSOAR 
a Maximum height of HyperSoar skip: 
Designs for Supersonic aircraft of the 210,000 feet (64,000 meters) 


future include HyperSoar, a large alr- 
plane flying at Mach 10, or 6,700 
miles per hour (10,780 kilometers per 
hour). A major problem at such [ie //———. [oo 
hypersonic speeds is heat from fric- is... 
tion. HyperSoar is designed to avoid POSS 
this problem by skipping along the 
upper edge of the atmosphere, Just as 
a flat rock skims when thrown across 
a pond. It would climb to 210,000 
feet (64,000 meters), then turn off its 
engine and descend to 105,000 feet 
(32,000 meters). The engine would be 
turned back on again, and HyperSoar 
would skip back up to the fringes of 
Space. It would repeat the process 
until it landed like a normal airplane. 
HyperSoar also could become the 
first Stage of a two-stage launch sys- 
tem for space satellites. 

Fast flight times are still regarded 
as a key selling point for some new 
airplanes. Experts are not sure how 
passengers would react to the skip- 
ping motion of HyperSoar (it might 
feel like a giant theme park ride), but ESS 
the flight would be quick. Allowing ©The supersonic HyperSoar could cover 280 
for time and distance to take off and miles (450 kilometers) with each skip. 
land, a HyperSoar flight from Chicago 
to Tokyo (just over 6,000 miles, or about 10,000 kilometers) would require twenty-one 
Skips and last 65 to 72 minutes. A cross-country trip from New York City to Los 
Angeles would need nearly ten skips and be completed in about 35 to 37 minutes. 


\ 
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O Many airlines have ordered the Boeing 7E7/787 Dreamliner. Boeing claims that the Dreamliner offers 


the following “E-qualities,” essential in an airplane of the future: efficiency, economics, environmental 


performance, exceptional comfort and convenience, and electronic sophistication. 


airships, which have been absent from 
the skies since the 1930s. Airships are 
Slow, but they give passengers a tranquil 
view of the scenery below as they glide 
through the air at around 100 miles per 
hour (160 kilometers per hour). 

Looking farther ahead, the airliner of 
the future could be a flying wing or 
blended wing body (BWB). The BWB is a 
more efficient shape for high-speed 
flight at altitude. The plane would have 
no windows. To avoid claustrophobia, 
passengers would be given a “view” 


through artificial windows or on screens 
of a simulated sky outside. A BWB air- 
liner could be flying by 2020. 


Personal Aircraft 

Personal flying (by balloon, glider, hang 
glider, microlight, paraglider, and mini- 
copter) will continue to boom. Flying is 
one of the world’s fastest-growing 
sports. Electric air vehicles hovering in 
city airspace would help reduce the traf- 
fic on overcrowded highways. Flying 
cars are already being developed. 
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The world’s first piloted fuel cell- 
powered airplane is a two-passenger 
electric aircraft. Based on the French- 
built DynAero Lafayette airframe, its 
hydrogen fuel cells are backed up by 
batteries like those in electric cars. 
Solar-powered microlight aircraft also 
might fill the skies over future cities. It 
is possible that solar-powered airplanes 
will replace oil-burning airplanes as the 
world begins to run out of oil. 


Military Aviation 

Currently, the F-15 Eagle is the fastest 
U.S. jet fighter. At around 1,800 miles 
per hour (2,900 kilometers per hour), it is 
slightly slower than the Russian MiG-25, 
which flies at 2,115 miles per hour (3,403 
kilometers per hour). It is unlikely that 
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©) The X-48B is a blended wing body (BWB) 
aircraft developed by Boeing's Phantom Works in 


partnership with NASA. It may be used as a 
military transport, but BWBs also have potential 
as passenger aircraft. 


fighter plane speeds will increase much 
beyond this in the next twenty or thirty 
years. Instead, the military wants to 
make high-speed airplanes more flexi- 
ble. Air forces will use a new generation 
of drones—robot planes that will fly the 
Same combat missions as a piloted air- 
plane, but at far lower cost. 

About 80 percent of the useful work- 
ing life of a modern combat airplane is 
given over to pilot training. It is very 
expensive to train jet pilots, so why not 
give the most dangerous jobs to a robot? 
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An unmanned combat air vehicle 
(UCAV) can be made half the size of a 
conventional airplane, so it is cheaper, 
harder to detect, and more difficult to 
shoot down. Since no pilot training is 
required, a drone uses expensive fuel 
only on actual combat missions. 
Combat drones are expected to carry 
miniaturized weapons with the same 
destructive power as the bombs and mis- 
siles of today, but the weapons will be 
only one-tenth the weight. The U.S. Air 
Force’s experimental X-45A is already 
potent enough to destroy a truck from 
35,000 feet (10,800 meters). In the 
future, the military could deploy 
squadrons of unmanned airplanes, 
including microdrones—aircraft no big- 
ger than birds that are armed with mini- 
weapons of awesome destructive power. 
Military airplanes are so expensive 
that, in the future, the number of new 
designs that actually go into production 
will be very few. One airframe will be 
adapted to carry out many tasks. A 
highly complex, multirole combat plane, 
the F-35 Joint Strike Fighter, is a good 
example. The F-35 has a lift-fan STOVL 
(short takeoff vertical landing) capabili- 
ty, so it can operate at sea or from small 
airfields. Its advanced stealth design 
makes it hard to detect on radar. Over 
the next ten to fifteen years, this one 
aircraft will replace several existing 
frontline fighters and strike aircraft, not 
just in the U.S. armed forces, but in 
other forces around the world. A number 
of nations—including Norway, Australia, 
Canada, the Netherlands, and Denmark— 


SCRAMJETS 


Scramjets could be the supersonic 
transports of the middle twenty- 
first century. In 2004, a hypersonic, 
unmanned plane raced into the 
record books at 7,000 miles per hour 
(11,263 kilometers per hour). NASA's 
X-43A "scramjet" (short for “super- 
sonic combustion ramjet") has an 
air-breathing engine similar to that 
proposed for HyperSoar. The X-43A 
was launched from a B-52 bomber 
and then boosted by a Pegasus rock- 
et until its own engine fired. Its 
scramjet engine, which (unlike a tur- 
bine engine) has no spinning blades, 
can send the X-43A accelerating to 
almost ten times the speed of sound 
at an altitude of approximately 
110,000 feet (33,530 meters). 





have helped to develop the F-35, which 
is manufactured by the Lockheed Martin 
Corporation, Northrop Grumman, and 
British Aerospace. 


SEE ALSO: 
e Aerospace Manufacturing 
Industry ° Aircraft, Commercial 


e Aircraft, Experimental è Aircraft, 
Military ° Aircraft Design ¢ Fuel 
e Supersonic Flight 
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Future of 
Spaceflight 


s the twenty-first 
century continues to 
unfold, what does the 


future hold for spaceflight? 
In some respects, space tech- 
nology has progressed more 
Slowly than people in the 
pioneering years expected 
it would. Most of the major 
Space milestones—involving 
both manned and unmanned 
space travel—happened between 
1957 (the year of the first 
satellite launch) and the 
1980s (the decade that saw 
the first Space Shuttles). 
Since then, the high cost 
of space exploration and 
the many years needed to 
develop new programs have 
limited the accomplishments 
of space agencies. Public 
interest in spaceflight, at its 
peak following the first 
Moon landing in 1969, has 
diminished. 


The Moon and Mars 

Space exploration, however, 
is now entering into a new 
phase. President George W. 
Bush asked NASA to look at a 
replacement for the aging 
Space Shuttle fleet and at a 
Moon landing program as a 
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SATELLITES 


In the twenty- 
first century, the 
regular launches 
of commercial 
satellites for the 
purposes of tele- 
communications 
and navigation 
are an everyday 
occurrence. These 
uses for satellites 
will continue to 
grow over the 
next decades. 

As every Inter- 
net user knows, it 
is now possible to call up a satellite image of your 
neighborhood at the click of a mouse. Satellite 
images also are used for scientific purposes, such 
as scanning Earth from orbital spacecraft for 
Signs of global warming or even tracking migrat- 
ing carioou. NASA and other space agencies will 
continue to use scientific satellites to gain 
knowledge. In the near future, for example, 
MicroSCOPE will orbit Earth to test a scientific 
theory related to gravity called the Equivalence 
Principle. This satellite will survey Earth's surface 
to provide new data on erosion, deforestation, 
land use, fuel reserves, and other environmental! 
issues. Jason 2, to be launched by European 
agencies In partnership with the United States, 
will study the oceans currents and sea levels, 
which will help scientists understand and pre- 
dict changes In the world's climate. 


© Jason 2, an international 
project, will collect information 
about the world’s oceans. 





(c) 2011 M.E. Sharpe, Inc. All Rights Reserved. 


prelude to a mission to Mars. 
No astronauts have walked on 
the Moon since the Apollo 
program ended. With its 
Constellation Program, however, 
NASA is planning a Moon 
landing before 2020. The near 
future also may see the con- 
struction of a permanent base 
on the Moon. One day, there 
could even be a lunar “factory” 
making rocket fuel from the 
Moon’s soil. 

From the Moon, spacecraft 
could voyage to Mars. Ever 
since NASA’s Mariner 4 space- 
craft flew by Mars in 1965, 
scientists have been eager to 
explore Earth’s neighboring 
planet. Future missions by 
robot spacecraft will include 
the Mars Science Laboratory, 
scheduled for 2009. It will 
explore the surface of Mars for 
a full Martian year (which lasts 
nearly two years in Earth days). 
There are plans for robot craft 
to land, take samples of 
Martian soil, and return to 
Earth. A manned landing on 
Mars could happen before 
2040. In the meantime, new 
orbital probes such as the 
Mars Reconnaissance Orbiter, 
launched in 2005, will scan the 
planet and look for more evi- 
dence of water on its surface, 
which would make a manned 
landing more feasible. 


FUTURE OF SPACEFLIGHT 


THE NEW SPACECRAFT 


NASA is developing new spacecraft for the 
missions planned in the next two decades. The 
Crew Exploration Vehicle, named Orion, will 
carry its first crew no later than 2014. Its early 
missions will be to the International Space 
Station. Orion also should carry astronauts to 
the Moon before 2020. Orion will provide 
almost three times the living space of the 
Apollo spacecraft that flew astronauts to the 
Moon in 1969. 

Orion and its crew will be carried into space 
by the Ares | crew launch vehicle system. 
Another rocket, the “heavy lifter’ Ares V, will 
launch a lunar landing vehicle to meet Orion in 
Space. The Orion capsule will dock with the 
lunar landing vehicle while in orbit around 
Earth. The newly joined spacecraft will leave 
Earth's orbit to travel to the Moon. Once 

in orbit around 
the Moon, the 
lunar landing 
vehicle can take 
crew members 
to the surface, 
while Orion re- 
mains in orbit 
until the astro- 
nauts return. 


© The Ares | 
crew launch 


We vehicle will take 


astronauts of the 
future into space. 
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The International 

Space Station 

The International Space Station (ISS) 
began to take shape in Earth orbit in 
1998. It has been permanently manned 
by teams of visiting astronauts since 
November 2000. Still under construc- 
tion, it is due to be completed by the 
year 2010. Progress on the ISS was held 
up by the grounding of the Space 
Shuttles after the loss of Columbia in 
2003. With Shuttle flights resumed in 
2006, however, the remaining modules 
of the ISS should be in place on sched- 
ule. They include the European module 
Columbus along with the Japanese mod- 
ule Kibo. Russia has plans to launch a 
third module, the Multi-purpose 
Laboratory Module (MLM) in 2009, using 
its Proton rocket. The ISS presently can 
accommodate a crew of three, and it cir- 
cles the Earth at an average speed of 
17,165 miles per hour (27,618 kilometers 
per hour). When fully assembled, the 
Space station will be a fully functional 
space laboratory above Earth, crewed by 
international scientists. 

The space station is an example of 
international cooperation. Five national 
Space agencies are involved in its 
construction and use: NASA (United 
States), the Canadian Space Agency, the 
European Space Agency, the Russian 
Federal Space Agency, and the Japanese 
Aerospace Exploration Agency. The 
Brazilian and Italian space agencies also 
are taking part. 

Like many other space projects, 
the ISS represents a compromise. In the 
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1980s, the United States, Europe, and 
the Soviet Union (now Russia) all had 
plans to establish their own space 
stations, but high cost forced them to 
pool resources. Even so, the ISS is likely 
to cost more than $100 billion by the 
time it is completed. 

Future [SS-linked developments 
include the European Automated 
Transfer Vehicle (ATV) and a similar 
spacecraft being built by Japan. There 
will be new passenger-carrying shuttle 
vehicles, such as the Space X Dragon 
(2009) and the Russian Kliper (2012). 
Europe’s first ATV is designed to be 
launched by an Ariane 5 rocket and to 
dock automatically with the space sta- 
tion to deliver fuel and other supplies. 
At the end of its stay, the ATV will be 
loaded with trash and sent on a deliber- 
ately destructive reentry into Earth’s 
atmosphere, where it will burn up and 
disintegrate. Six more ATVs will be 
launched, at eighteen-month intervals, 
to visit the space station. 


Space Tourism 

Space engineers are now interested in 
developing cheaper launch systems for 
satellites and space tourists. One possi- 
bility is a space elevator. This idea, basi- 
cally a giant tower reaching into space, 
was first put forward by the Russian sci- 
entist Konstantin Tsiolkovsky at the 
beginning of the twentieth century. It 
was later described by the science fiction 
writer, Arthur C. Clarke. The space eleva- 
tor would consist of a tower, some 31 
miles (50 kilometers) high, with a cable 
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linking the top of the tower to an orbital 
space station. Passengers and cargo pay- 
loads would be transported into space 
along magnetic tracks fixed to the cable, 
riding in magnetically levitated (or 
maglev) vehicles. 

Away from the billion-dollar nation- 
al and international space programs, 
individuals are planning space tourism 
in privately sponsored spacecraft. The 
pioneer in this field of spaceflight was 
SpaceShipOne, first flown in June 2004. 





GS NASA's 
Advanced 
Projects Office 
has put together 
plans for a 
Space elevator, 
an idea that 
has previously 
been explored 
only in science 
fiction. 
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Such opportunities will increase the 
popularity of space tourism. 


New Propulsion Systems 

Trips to the ISS or to the Moon— 
and the far longer journey to Mars-—still 
rely on conventional rocket launch and 
propulsion systems. Alternative systems 
will be needed for longer flights to 
explore deep space beyond the solar sys- 
tem. Scientists are investigating ion 
engines to replace chemical-fuel rockets 


2TA 
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for long missions. An ion engine ejects 
positive ions (electrically charged parti- 
cles) to propel the spacecraft. It gives 
just a small thrust, but it is very effi- 
cient, needs little fuel, and can be made 
very light. Over many months, an ion- 
engine spacecraft could accelerate to 
very high speeds. 

Another possibility is the solar-sailed 
spacecraft. A solar sail is a panel made 
from reflective materials; instead of 
catching the wind like a sailing ship, the 
solar sail is “blown along” by streams of 
light particles (photons) emitted from 
the Sun. A solar spacecraft would not 
need to carry onboard fuel. Although 
acceleration is slow to start with, it 
could eventually reach speeds of 


200,000 miles per hour (322,000 kilome- 
ters per hour). Such a craft could travel 
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to the edge of the solar system in eight 
years, compared with the forty years 
taken by the Voyager 1 spacecraft. 


Future Missions 

Future missions to planets will follow 
the examples of the Huygens/Cassini 
mission to Saturn’s moon Titan and 
Galileo’s voyage to Jupiter’s moon, 
Europa. Europa is especially interesting 
to scientists. One ambitious project, 
called Icepick, plans to send a diving 
probe to plunge into the waters of the 
ocean believed by many scientists to lie 
beneath the surface of Europa. 

Such planetary missions take years to 
plan and years to fly. The European 
Space Agency’s Rosetta craft, which was 
launched in 2004, will not reach its tar- 
get (a comet) until 2014. Messenger, 


G Engineers at 
NASA assemble the 
four huge panels of 

a solar sail. Solar sails 
are intended for 
unmanned spacecraft 
traveling great dis- 
tances on deep-space 
science missions. 
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only the second spacecraft ever sent to 
Mercury, was launched by the United 
States in 2005. It will not arrive near 
Mercury until 2011. NASA also plans to 
send the Juno probe to explore Jupiter, 
the biggest planet in the solar system, 
by 2010. 

Scientists would welcome a future, 
safer method of recovering data from 
Spacecraft after missions. The Genesis 
spacecraft, launched in 2001, spent 884 
days orbiting the Sun, collecting minute 
particles of the stream of gases known as 
the “solar wind.” The plan was to return 
these samples to Earth, using helicopters 
to recover a capsule landed by para- 
chute. Unfortunately, the parachutes did 
not open correctly, and Genesis crashed 
into the Utah desert in September 2004. 

Scientists are eager to extend our 
knowledge of other planets. They hope 
to study comets and asteroids and inves- 


©) In 2006, the Corot Spacecraft was launched 

by a Russian rocket. Designed as a space telescope, 
it will look for small, rocky planets beyond the 
solar system. 


tigate the myriad stars that lie beyond 
our solar system. Space scientists are 
curious to examine the material of 
which comets are made. They want to 
explore the planets of the solar system, 
such as Saturn, which was visited by the 
Cassini probe in 2004. Above all, scien- 
tists want to probe the stars for evidence 
about how the universe was formed and 
to search around distant stars for Earth- 
like planets that might contain life. 


SEE ALSO: 
Fuel èe NASA e Satellite © Space- 


flight ¢ Space Probe ¢ Space Shuttle 
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Gagarin, Yuri 


Date of birth: March 9, 1934. 

Place of birth: Gzhatsk, Soviet Union. 
Died: March 27, 1968. 

Major contributions: First person to 
fly in space; first person to orbit Earth. 
Awards: Order of Lenin; Hero of the 


Soviet Union. 
ý in a region west of Moscow in 
the Soviet Union (now Russia). 


He learned how to fly as a teen and 


uri Gagarin was born on a farm 
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began training as a military pilot at the 
age of twenty-two. Just two years after 
Gagarin graduated from flight school, 
the Soviets began looking for candidates 
to become cosmonauts (the Soviet term 
for astronauts). Out of 3,000 applicants, 
they chose twenty men. Gagarin was 
one of them. 

Training in the program was intense. 
It involved not only technical study and 
flight training but also physical and psy- 
chological tests. In January 1961, 
Gagarin was one of six candidates cho- 
sen for final testing. As the hopeful cos- 
monauts prepared for the tests, 
tragedy touched the Soviet space 
program. One of the candidates 
died when fire broke out during a 
training session. Gagarin and the 
other four candidates continued 
with their training. 

On April 8, 1961, Soviet offi- 
cials chose Gagarin to be the first 
cosmonaut in space. His warm 
personality was a deciding factor. 
Officials thought Gagarin would 
make a good impression in his 
ensuing wave of public appear- 
ances as the first person in space. 
The next day, Gagarin was told 
of the decision. 

On April 12, 1961, Gagarin 
entered a Vostok spacecraft to fly 


Ç Like many American astronauts, 
the Soviet cosmonaut Yuri Gagarin 
trained first as a military pilot. 

He returned to aviation after his 
famous journey into space. 
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on his mission, named Vostok 1. At 
9:07 A.M., the command to ignite the 
booster rocket was given. Over the radio 
Gagarin said, “Poyekhali!” (“Here we 
go!”). The rocket began to rise and the 
booster was ejected. Gagarin and his 
capsule were in orbit. 

Gagarin orbited Earth once, complet- 
ing the trip in a little less than an hour- 
and-a-half. Radio communication was 
lost briefly between tracking stations, 
and the lack of contact worried officials. 
However, communication was soon 
resumed—to everyone’s great relief. 

Gagarin did not actually fly the 
Spacecraft during his trip. Soviet 
officials worried that the first cosmo- 
naut might do something wrong, and 
they locked the controls. He did have a 
code to unlock them if anything went 
wrong. 

The spacecraft’s reentry into Earth’s 
atmosphere was difficult. The last set of 
booster rockets was discarded just before 
reentry, but they did not completely sep- 
arate. That caused the spacecraft to jos- 
tle as it headed back to the ground. 

As the spacecraft neared Earth, 
Gagarin opened a hatch and ejected 
from the capsule. He opened a parachute 
and reached the ground in a gentle 
descent. The historic first spaceflight by 
humans had been achieved. 

After the successful landing, Soviet 
leaders rushed Gagarin to Moscow. On 
May 1, 1961, he stood on a platform 
next to the Soviet leader Nikita 
Khrushchev as thousands of people 
paraded on the streets below. 


TRIBUTE TO A COMRADE 


In 1969, Americans Neil Armstrong 
and Buzz Aldrin became the first 
humans to set foot on the Moon. 
They carried tokens with them to 


honor three U.S. astronauts and two 
cosmonauts who had died during 
the early days of spaceflight. One of 
those symbols—a medal—honored 
Yuri Gagarin. The medal is still on the 
Moon today. 





Fearing losing Gagarin in a fatal 
Space accident, Soviet officials banned 
him from any more spaceflights. He 
remained in the space program, helping 
to train new cosmonauts. In the middle 
1960s, Gagarin was promised he could 
go into space once more, and he began 
flying planes again to regain his status 
as a pilot. He died in a training flight in 
1968 when his airplane crashed. 

The people of the Soviet Union 
mourned the death of their hero. The 
Soviet training center for cosmonauts 
was named for him, and the town of his 
birth, Gzhatsk, was renamed Gagarin in 
his honor. 


SEE ALSO: 


e Apollo Program ¢ Astronaut 


e Spaceflight ¢ Space Race 
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Glenn, John 


Date of birth: July 18, 1921. 

Place of birth: Cambridge, Ohio. 

Major contributions: Pilot of first 
transcontinental flight to average super- 
sonic speed; first American to orbit Earth; 
oldest person to fly in space. 

Awards: NASA Distinguished Service 
Medal: Congressional Space Medal 

of Honor. 


town of New Concord, Ohio. He 

became interested in science and 
aviation as a young boy. After graduat- 
ing from high school, Glenn studied at 
Muskingum College in his hometown 
and gained a degree in engineering. 


Jew Glenn grew up in the small 


Becoming a Pilot 
In 1942, he joined the U.S. Navy and 
trained as a pilot. Glenn became an offi- 
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cer with the U.S. Marines in 1943. Soon 
after Glenn received his commission in 
the Marine Corps, he married Annie 
Castor, the childhood playmate who had 
become his girlfriend during high school 
and college. 

During World War II, Glenn flew 
nearly sixty missions as a fighter pilot. 
After the war, he trained other pilots. 
When the Korean War broke out in 1950, 
Glenn volunteered for combat and flew 
nearly ninety more missions. In the two 
wars, he won six Distinguished Flying 
Crosses, along with several other mili- 
tary honors. 

After the Korean War, Glenn became 
a test pilot. He gained national fame in 
1957 by flying a plane from Los Angeles 
to New York City in less than 3’ hours. 
That new speed record marked the 
first flight across the country with an 
average speed faster than the speed of 
sound. 


G The Original 
seven Mercury 
astronauts were 
(from left to right) 
Scott Carpenter, 
Leroy Gordon 
Cooper, John Glenn, 
Virgil “Gus" Grissom, 
Walter Schirra, 
Alan Shepard, and 
Donald “Deke” 
Slayton. 
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Project Mercury 

In the late 1950s, the U.S. government 
began planning a space program. 
Officials looked for test pilots with at 
least 1,500 hours of flight experience, a 
college degree, and certain physical 
requirements. Glenn was one of 110 mil- 
itary officers who met these standards. 
After interviews and tests, he was one of 
only seven to be named to the first U.S. 
Space program, Project Mercury. 

Training began in early 1959 and 
continued for two years. Early in 1961, 
officials chose Alan Shepard, Virgil 
“Gus” Grissom, and John Glenn as the 
candidates for the first flights. The plan 
called for the astronauts to fly brief sub- 
orbital missions (suborbital flights go to 
very high altitudes, but do not go into 
orbit). At first they simply would be 
launched into space and return to Earth. 
Later, they would be sent on orbital 
flights, during which they would travel 
around the planet. 

On April 12, 1961, the Soviet Union 
announced that it had launched Yuri 
Gagarin into space and that he had 
orbited the Earth once. U.S. leaders were 
bitterly disappointed by the Soviets 
claiming the first such success. They 
quickly followed Yuri Gagarin’s historic 
flight by sending Shepard into space. 
But while Gagarin had orbited Earth, 
Shepard just went up and came back 
down again. The Soviet achievement 
was much greater. 

American frustration increased later 
in 1961. Grissom took a suborbital flight 
in July, but in August the Soviet pilot, 





©) John Glenn gives a "ready" sign as part of 


prelaunch activities during the Mercury missions. 


Gherman Titov orbited Earth for an 
entire day, circling the planet seventeen 
times. In view of this success, NASA 
officials dropped plans for any more 
suborbital flights. 


Into Orbit 

Late in 1961, NASA chose Glenn to pilot 
the first American orbital flight. Getting 
that flight off the ground became a chal- 
lenge, however. The launch was delayed 
by problems with the booster rocket and 
by bad weather. There was even a brief 
scare over Glenn’s health when he was 
exposed to children who had the 
mumps, a disease Glenn had never had. 
Luckily, he did not become infected. 
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After ten delays, Glenn finally 
entered his Friendship 7 space capsule 
on February 20, 1962. At 10 A.M., the 
Atlas rocket began to fire and lifted the 
Spacecraft into the air. “We’re under 
way, Said Glenn. 

The flight went smoothly at first. A 
problem did develop at one point, and 
Glenn turned off the automatic controls 
to fly the spacecraft manually for the 
rest of the trip. Glenn orbited the Earth 
three times, reporting on what he saw 
below. Live television coverage carried 
his words across the country. At one 
point Glenn said, “I don’t know what 
you can say about a day in which you 
have seen four beautiful sunsets.” 

During the second orbit, a more seri- 
ous problem appeared. A warning light 
suggested that the capsule’s heat shield 
was loose. This piece on the bottom of 
the capsule was supposed to protect 
Glenn when the spacecraft reentered 
Earth’s atmosphere. If the shield did not 
remain in place, the capsule—and 


Glenn—would burn up. 
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A set of small rockets that sat under- 
neath the heat shield was supposed to be 
ejected before reentry began. NASA offi- 
cials decided to leave them on, hoping 
that they would help hold the shield in 
place. In the end, the shield was fine—it 
turned out the problem was actually 
with the warning light. Reentry was 
smooth, although hot, and Glenn’s craft 
splashed down in the Atlantic Ocean. 
Soon after, he was picked up by a U.S. 
Navy ship. 


Space Hero and Senator 

Glenn became the space hero that NASA 
officials and the American people so 
wanted. He was invited to speak to a 
joint session of Congress and was hon- 
ored with parades across the country. 
Four million people turned out for 
Glenn’s parade in New York City. A 
smaller but even more appreciative 
crowd turned out in his hometown of 
New Concord, Ohio. 

After his return to NASA, Glenn was 
assigned to work on Project Apollo, the 
Space program aimed at sending 
American astronauts to the Moon. 
He left NASA in 1964, however, 
and began working in business. Ten 
years later, Glenn won election to 
the U.S. Senate, where he served for 
the next twenty-four years. He won 


G Seated between President John F. 
Kennedy (left) and General Leighton 

Davis (right), John Glenn (center) rides 

in a celebratory parade in Florida after his 
historic spaceflight in 1962. 
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reelection three times. Glenn tried to win 
the Democratic nomination for president 
in 1984, but his campaign never got off 
the ground. In 1997, he announced that 
he would retire from the Senate. 


The Oldest Astronaut 

Glenn made history one more time. 
After he announced his retirement from 
politics, Glenn was asked by NASA if he 
would like to go into space one more 
time, on a Space Shuttle mission. The 
gesture was made partly to honor him 
and partly to study the effects of space- 
flight on older people—Glenn was in his 
seventies at the time. Glenn jumped at 
the chance to join the mission. 

On October 29, 1998, Glenn left Earth 
once again. It was almost thirty-seven 
years since his first flight. Things had 
changed. This time, he was on board the 
Space Shuttle Discovery and had six 
crewmates instead of being the lone 
astronaut. The flight took more than 
nine days, whereas his previous flight 


INSPIRATION FOR THE FUTURE 


‘The most important thing we can do Is 
inspire young minds and to advance the 
kind of science, math, and technology 
education that will help youngsters take 
us to the next phase of space travel.” 


John Glenn, speaking as spokesperson 
for National Space Day, 2000 








©) In 1998 John Glenn joined Space Shuttle 
mission STS-85 as a payload specialist, becoming 
the world's oldest astronaut. He is shown getting 
into position to take photographs from Discovery's 
flight deck. 


had lasted just over 4 hours. For Glenn, 
going into space again was an enormous 
thrill. 

After the flight, Glenn retired from 
public life. He and his wife Annie settled 
back in Ohio. Both served on the board 
of trustees at Muskingum College, where 
they had studied so many years before. 
Glenn opened a center at Ohio State 
University to encourage young people to 
Start careers in public service. 


SEE ALSO: 
e Astronaut ¢ NASA e Pilot 


e Spaceflight ¢ Space Race 
e Supersonic Flight 
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Glider 


Slider is an airplane that flies 
A without an engine. Sailplane is 

another name for a glider and it 
is often applied to lightweight gliders 
designed especially for soaring. A few 
glider models have a motor and a 
retractable propeller. Generally, gliders 
need the assistance of a tow airplane or 
a winch to get them into the air. 

Gliders are flown for recreation and 
for sports competitions. Gliding is a very 
popular way to start flying because 
the aircraft are cheaper and simpler than 
powered airplanes. Gliding also offers 
the pilot the exhilarating experience of 
soaring high in the sky like a bird. 
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Aviation Pioneers 

The earliest known airplane model is a 
2,300-year-old wooden carving from 
ancient Egypt. Some experts think it is a 
model glider, while others believe it to 
be a carving of a bird. It is thought that 
gliders may have been built in China 
more than 2,400 years ago. Some of the 
earliest pioneering experiments in avia- 
tion were made with gliders. These 
devices were often little more than bird- 
like wings strapped to the arms of a 
hopeful but unsuccessful aviator. 

The first person to prove that a glid- 
er could carry a person was British 
inventor Sir George Cayley (1773-1857). 
He built his first glider in 1809. In 
1849 Cayley built a glider that carried a 


GCA print from 

the 1890s shows 
Otto Lilienthal's glider 
in flight. Lilienthal 
was a leader in the 
field of experimental 
gliders, and his 
research helped 

other early aviators. 
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THE GIANT 


The largest glider ever built was 
the German Messerschmitt Me-321. 
Known as the “Giant,” it first flew In 
1941 during World War Il. It was 92 feet 
(28 meters) long, had a wingspan of 180 
feet (55 meters), and weighed 38 tons 
(34 metric tons) when fully loaded. This 
enormous glider was intended to carry 


tanks, guns, and troops for the German 
invasion of Great Britain—an invasion 


planned for 1940 that never took place. 
The monstrous Giant was so heavy that 
towing It for launch proved difficult, 
and its designers eventually gave It six 
engines. With a top speed of only 149 
miles per hour (240 kilometers per 
hour), the Giant proved an easy prey for 
Allied fighters. No more Giants were 
built after April 1944. 





ten-year-old boy a short distance down 
a hillside in Yorkshire, England. In 1853, 
Sir George persuaded his reluctant 
coachman to take a flight in another 
glider he had constructed. 

Pioneers in the late nineteenth cen- 
tury experimented with kitelike gliders. 
The German inventor Otto Lilienthal 
made more than 2,000 successful glider 
flights before he was killed when one of 
his gliders crashed in 1896. The Wright 
brothers, Orville and Wilbur, built their 
first glider in 1900. Their third glider 





©) The American engineer Octave Chanute 
(1832-1910) built many successful gliders and 
encouraged other work in aviation, including 
that of the Wright brothers. This photograph 
shows his 1896 glider. 


flew many times in August and 
September 1902 and was the prototype 
for the historic Flyer of 1903. 


Germans Lead the Way 
The first glider competition was held in 
1920 in Germany, a nation forbidden to 
build powered airplanes after its defeat 
in World War I (1914-1918). German 
pilots led the way in glider flying, and 
German manufacturers have remained at 
the forefront of glider design ever since. 
In 1922, a German made the first glider 
flight lasting more than an hour. 

Sport gliding became popular in 
other countries, too. German pilots set 
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©) This photograph, taken on D-Day (June 6, 
1944), shows Allied forces gathering in the fields 
of Northern France. American-built Waco gliders, 


seen here on the ground and in the air, were used 
to land troops in German-occupied Europe. 


up the first gliding school in the United 
States at South Wellfleet, Massachusetts, 
in 1929. The first U.S. gliding champi- 
onships were held at Elmira, New York, 
in 1930. Sport gliding is now an inter- 
national pursuit, with championship 
competitions for the different classes 
of gliders. 

During World War II, large gliders 
carrying troops were used by the 
Germans in their attacks on Belgium in 
1940 and on Crete in 1941. Gliders were 
used by the Allies, too, during the liber- 
ation of Western Europe in 1944. More 
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than 300 Allied gliders were 
used to land assault troops in 
Normandy, France, during the 
D-Day landings of June 1944. 


How a Glider Flies 

Like all airplanes, a glider must 
maintain a flow of air over its 
wings to sustain lift. Lacking a 
motor, a glider cannot fly level 
for long and still maintain that 
airflow. In calm air, the pilot 
must keep the nose of the air- 
craft angled slightly toward the 
ground—as the glider flies in a 
gentle dive, gaining speed, the 
airflow around the wings pro- 
vides lift. Having built up speed, 
it can rise up before descending 
again. A glider can soar to great heights 
if the pilot can locate rising air currents, 
known as thermals or updrafts. Carried 
up by such currents, the plane spirals 
upward, just as a vulture or buzzard 
soars on widespread wings and can fly 
for many hours in this way. 

A glider has a high glide ratio, which 
determines the distance it can travel 
forward compared to its height loss. If 
a particular aircraft has a glide ratio of 
40:1, it can glide 40 miles (64 kilo- 
meters) forward for every mile of 
altitude it loses. Once this glider has 
reached an altitude of around 3,000 feet 
(915 meters), the pilot has a good chance 
of flying around 120,000 feet (36,600 
meters) in distance. If the pilot can gain 
greater height by soaring in a rising air 
current, the length of the flight will be 
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much longer. Some gliders have a glide 
ratio of 70:1. The Space Shuttle, by con- 
trast, has a glide ratio of only 4:1. 


A glider has the same basic shape as a 
powered airplane, but its wings are 
longer and very narrow. Narrow wings 
produce less drag than wide wings. The 
longer the wings, the more wing area the 
glider has to generate lift. A competition 
Sailplane may have wings that are 70 
feet (21 meters) long but less than 3 feet 
(1 meter) wide. Just like a powered air- 
plane, gliders’ wings have ailerons—and 
sometimes flaps as well—for control in 
flight. Many gliders carry water as bal- 
last in the wings. The ballast, which pro- 
vides additional weight for extra control 
in fast rising air currents, is jettisoned 
(dropped) before the glider lands. 

The fuselage (or body) of a glider is 
slim, again to reduce drag. It is often so 


Slim that the pilot has to lie almost 
prone in the cockpit. Trainer gliders, 
designed for two people—an experienced 
pilot and a student—have slightly wider 
bodies and cockpits in which the passen- 
gers can sit upright. 

Gliders are made of lightweight 
materials, usually aluminum, fiberglass, 
metal, and wood. The outer skin is 
smoothed and polished to reduce air 
resistance. Landing gear on a glider usu- 
ally consists of one landing wheel that 
folds away after the glider is airborne. 


Most gliders are launched by a towing 
airplane. A towrope or wire, usually 
150-200 feet (46-61 meters) long, is 


fastened from a hook on the towing 


A small powered aircraft uses a towrope to pull 
a glider above 2,000 feet (610 meters) before the 
glider is released to fly by Itself. 


= 
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GLIDER CLASSIFICATION 


The French Fédération Aéronautique 
Internationale (FAI) is recognized as the 
world's air sports association. It classes 
gliders for competition in various ways. 
The classes include: 


e Standard class: no flaps, 
wingspan 49.21 feet (15 meters). 
e 15-meter (49.21-feet) class: 
flaps allowed. 

e 18-meter (59.06-feet) class: 
flaps allowed. 

e Open class: no restrictions. 

e Two-seater class: maximum 
wingspan 65.62 feet (20 meters). 
e Club class: open to a range of 
types, Including older gliders. 


airplane to another hook on the nose of 
the glider. As the towing airplane takes 
off, it pulls the glider after it, and the 
two airplanes gain height. Once a glider 
has gained sufficient altitude—usually 
between 2,000 and 3,000 feet (610 and 
915 meters)—the glider pilot frees the 
glider from the towrope by using a con- 
trol in the cockpit. 

Gliders also can be launched by cat- 
apulting them off hillsides or by towing 
them behind a vehicle, but the most 
usual alternative to tow launching is to 
use a winch. This process is similar to 
launching a kite. A power-operated 
winch is set at one end of the takeoff 


284 





field, with a wire cable 2,500-4,000 
feet (760-1,220 meters) long fastened 
to the glider. The aircraft is posi- 
tioned facing into the wind, and the 
winch is run at speed to reel in the 
cable. It pulls the glider along until it 
lifts into the air. The cable is long 
enough so that the plane can reach a 
good height before the pilot releases 
the cable to fly free. 

Motorized gliders take off under 
their own power. When airborne, the 
pilot switches off the motor and folds 
away the propeller. Some gliders, 
known as touring motor gliders, can 
be flown without engines, but they 
do not have retractable propellers. 


In Flight 

Once in the air, a glider pilot tries to 

keep the glider at its best “glide 

angle,” which usually means flying 

at around 60 miles per hour (95 kilo- 
meters per hour). To gain height, the 
pilot seeks out rising air currents or 
updrafts. These may be found as slope 
winds, which are drafts deflected up the 
side of a hill. An experienced pilot will 
notice when birds are taking advantage 
of rising air to gain height, and they also 
will use slope winds to fly along a hill- 
side. 

Pilots also look for thermals, in 
which warm air rising from the ground 
forms a bubble or column of air. 
Thermals continue rising until they mix 
with cooler air at high altitude. By glid- 
ing between thermals, a pilot can fly 
long distances. 
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= The Duo Discus is a high-performance glider 
used in fast cross-country flying. Built in the 
Czech Republic, the two-seater used for high-level 
training and often is seen in competitions. 


Powerful air currents, Known as 
mountain waves, are found on the lee 
(sheltered) side of steep, high mountains. 
Flying a glider in mountain waves is 
sometimes called ridge running. A 
Slider also will soar when it flies into a 
Shear line, or convergence zone, where a 
mass of cool air has forced a block of 
lighter, warm air to rise. Experienced 
Slider pilots learn to take full advantage 
of these air currents and other favorable 
flying conditions. 

New records are frequently set by 
Sliders for height, distance, and speed. 
Gliders have climbed to heights of over 
49,000 feet (14,940 meters) and have 
made straight-line flights of more than 
1,240 miles (1,995 kilometers). 

A glider pilot has four basic flying 
instruments: an airspeed indicator, an 
altimeter (to show altitude), a compass, 
and a vario/altimeter that indicates the 
rate at which the plane is rising or 
falling. The vario/altimeter helps the 
pilot determine the glider’s position in 
relation to nearby rising air currents. 
The pilot also can use computers and 
GPS systems to keep track of the air- 
crafts position and course. 

Using airbrakes to slow its descent, a 
glider can land on almost any flat field, 
often miles from its launch. Most are 
designed to be taken apart so they can 
be loaded on a trailer for the trip home. 





Regulations for glider pilots are simi- 
lar to those for other airplane pilots. In 
the United States, the Federal Aviation 
Administration is responsible for regu- 
lating pilots and gliders. 


SEE ALSO: 


e Aerodynamics ® Aeronautics 
e Cayley, George ¢ Lift and Drag 


e Lilienthal, Otto e Wright, Orville 
and Wilbur 
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Global Positioning 
System 


he Global Positioning System, or 
T GPS, is a network of satellites that 

enables anyone on Earth’s surface, 
or flying above it, to find out exactly 
where they are. The system belongs to 
the United States, but it is not the only 
satellite positioning system. Russia has 


developed a similar system, called the 
Global Navigation Satellite System 


€) The first satellite positioning systems were 
set up by the United States and the Soviet Union 
to give their submarines a way of figuring out 
exactly where they were during long patrols of 
the vast oceans. In 1989, this sailor on the USS 
Alabama checks information provided by GPS 


to pinpoint the submarine's location. 


(GLONASS). A group of nations in 
Europe and elsewhere in the world is 
developing a satellite positioning system 
named Galileo. 


The Idea 

When the first satellites were launched 
into space in the late 1950s, scientists 
were able to locate them and follow their 
movements through radio signals the 
satellites sent back to Earth. They soon 
realized that this might work in reverse. 
A satellite’s radio signal could be used to 
figure out the location on Earth of the 
radio that received it. 

Three satellites would enable a radio 
receiver to calculate its position on the 
ground. A fourth satellite would enable 
the receiver’s altitude to be calculated as 
well. In order to have four satellites in 
view above the horizon all the time, 
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there would have to be at least twenty- 
four satellites orbiting the planet. A pro- 
Sram based on this idea, the Global 
Positioning System (GPS), was devel- 
oped by the U.S. Department of Defense. 

First, scientists had to prove that 
such a system would really work. Two 
experimental satellites, Timation 1 and 
Timation 2, were launched in 1967 and 
1969. In 1974, a third experimental 
satellite, Navigation Technology Satellite 
1 (NTS-1), was the first satellite to carry 
an atomic clock. Finally, NTS-2 was 
launched in 1977 to test all the systems 
and software before the first GPS satel- 
lite was launched in 1978. The whole 
network of twenty-four satellites was 
completed in 1994. 


The System 
GPS has three parts, or segments. They 
are the Space Segment, the Control 
Segment, and the User Segment. 
Satellites form the Space Segment. 
GPS satellites are divided into six 
groups of four. Each group is in a 
different orbit. The satellites orbit 
at a height of 12,600 miles (about 
20,270 kilometers). At this 
height, they take 12 hours to cir- 
cle Earth, so they go around the 
world twice in one day. The 
satellites travel at a speed of 


© The satellites in the GPS occupy six 
orbital planes 60 degrees apart, all tilted 
at 55 degrees to the equator. Receivers 
on Earth determine their positions by 
picking up signals from four satellites. 


ATOMIC CLOCKS 


Ee GR aeea E Ne O 
four atomic clocks, depending on 
which 


terror) Satellite it Is: 
Amazingly, the clocks carried by GPS 
satellites are accurate to about 1 
second in 300,000 years! Only one 
SLOMMGMEIOCK ISMESea dt a Nee 
others are there as backups. If a clock 
fails for any reason, a backup takes 
its place. 





about 7,000 miles per hour (11,260 kilo- 
meters per hour). Electric power for the 
clocks, onboard computer, and radio 
equipment is generated by solar panels. 
As the satellites orbit Earth, their solar 
panels turn automatically to face the 
Sun, while the radio antennae keep 
pointing at Earth. 
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The Control Segment on Earth runs 
the system. Monitor stations check the 
orbit, position, and clock time of every 
satellite and send all the information to 
the Master Control Station at a U.S. Air 
Force base in Colorado. This information 
is compared with the information trans- 
mitted by the satellites, and any errors 
are corrected. 

The User Segment includes all the 
GPS receivers that use the system. The 
receiver gets three pieces of information 
from the satellites: a code that identifies 
each satellite and two packets of data 
called ephemeris data and almanac 
data. Ephemeris data tell a receiver 
where each satellite should be. Almanac 
data tell the receiver the date, time, 
and whether or not the satellite is work- 
ing correctly. 


Sending and Receiving Signals 
Radio signals from the satellites travel at 
the speed of light. It takes less than one- 
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tenth of a second (only 65 to 85 milli- 
seconds) for a radio signal to travel from 
a GPS satellite to a GPS receiver 
on Earth. A GPS receiver picks up the 
signals and measures the time that they 
took to travel from the satellites. It then 
multiplies these times by the speed of 
light to calculate the distance to each 
satellite. Knowing how far it is from the 
satellites enables the receiver to pinpoint 
its own location. 

The satellites transmit on two differ- 
ent radio frequencies, L1 and L2. The 
signals may slow down a little as they 
travel through the atmosphere, and this 
can cause an error in calculating a posi- 
tion. Because of this, the simplest GPS 
receivers are accurate to within about 30 
to 60 feet (about 9 to 18 meters). More 
advanced receivers can correct errors 
caused by the atmosphere, and so they 
are more accurate. These receivers can 
calculate their position to within about 
15 to 30 feet (about 5 to 10 meters). 


How It Is Used 

GPS was originally intended only for 
military use, but a civilian service was 
added. The civilian service was less pre- 
cise—in fact, errors were deliberately 
included to make it even less accurate so 
that enemy military forces could not 
make use of it. The civilian service 
offered what was called Selective 


G GPS is used aboard military aircraft for pin- 
pointing targets to be destroyed. Soldiers in the 
field use handheld survival radios equipped with 
GPS for search and rescue missions. 
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= The GPS IIR satellites were designed to last 
longer and be more accurate than earlier GPS 


equipment. GPS technology is constantly improving. 


Availability, a system that enabled 
receivers to calculate their position only 
to within about 300 feet (100 meters). In 
2000, President Bill Clinton ordered the 
Selective Availability system to be 
turned off. The accuracy of the civilian 
GPS service was immediately improved. 

Most receivers are now designed to 
provide extra features. If they are in a 
moving vehicle, such as an aircraft, they 
compare a series of positions and use 
them to calculate the vehicle’s speed and 
direction. If this information is com- 
bined with a digital map, GPS can be 
used for navigation. Professional map- 
makers and surveyors also use GPS to 
produce very accurate maps. Farmers 
even may use GPS to map their fields 
and calculate how much fertilizer or 
weed killer is needed in different places. 


Advances in GPS 

GPS satellites last up to ten years, and 
new Satellites are launched from time to 
time to replace older satellites. Each new 
generation of satellites is more advanced 
than the previous generation. 

The first generation of GPS satellites 
was called Block I. These were experi- 
mental satellites used to test the system. 
Block II satellites formed the first opera- 
tional network. Block IIA satellites are a 
more advanced version of these. The 
next generation—Block HR  satellites— 
can be reprogrammed in space to fix 





problems and upgrade their services. 
The updating continues. Block IR 
satellites are already being replaced with 
a new generation of satellites called 
Block UR-M. Block IIF satellites are due 
for launch in 2009, and yet another new 
generation, Block III, is due for launch in 
2012. Block II satellites will transmit 
more signals more powerfully on more 
frequencies. This will make it much 
easier to pick up GPS signals with less 
powerful receivers, and GPS equipment 
will shrink in size in the coming years. 
In the future, many portable products— 
from watches and personal music play- 
ers to cell phones and laptop comput- 
ers—may have built-in GPS receivers. 


SEE ALSO: 
e Future of Spaceflight ¢ Navigation 


e Satellite 
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Gossamer Penguin 


Type: Experimental aircraft. 
Manufacturer: AeroVironment, Inc. 

First flight: April 7, 1980. 

First solar-powered flight: May 18, 1980. 
Primary use: Research. 


ossamer Penguin was the world’s 
(g solar-powered airplane to 

carry a human pilot. It made its 
first flight in 1980. Gossamer Penguin is 
one of several experimental aircraft 
designed to investigate the possibility of 
using energy from the Sun, rather than 
fossil fuels, to power airplanes of the 
future. The advantage of a solar airplane 
is that it could fly for many days with- 
out ever having to land, because its 
power source (sunlight) is all around it 
in the atmosphere. 

The inventor of Gossamer Penguin 
was Dr. Paul MacCready, a pioneer of 
alternative airplane technologies. In 
1977, he built Gossamer Condor, a 
pedal-powered plane that won the 
Kremer Prize. This award had been 
offered since 1959 to any inventor who 
could build a human-powered airplane 
capable of flying a figure-8 course 
around two markers placed 0.5 miles 
(0.8 kilometers) apart, while staying at 
least 10 feet (3 meters) off the ground. 

MacCready followed up his 1977 
achievement in 1979 with Gossamer 
Albatross. This was the first human- 
powered airplane to fly across the 
English Channel between England and 
France. The pilot’s pedaling provided the 
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energy to turn a propeller and proved 
that lightweight pedal-planes could fly 
considerable distances using very little 
energy. Duration of flight, however, 
depended on a human pilot who soon 
got tired. 

The Sun, on the other hand, offers 
limitless energy, so inventors are very 
interested in solar-powered airplanes. 
The first solar-powered airplane was 
Sunrise II, a remote-controlled vehicle 
built by Robert Boucher in 1974. 

Using the experience they had gained 
with Gossamer Albatross, MacCready 
and his team, advised by Boucher, built 
a version three-fourths the size, which 
was powered by an Asro-40 electric 
motor. The electric plane, Gossamer 
Penguin, took to the air in 1980. Like 
Gossamer Albatross, it was made of 
lightweight plastic, carbon fiber, poly- 
styrene, and sheet film. Power for the 
motor came either from twenty-eight 
batteries or from 3,920 solar cells, which 
could convert sunlight into electricity. 
The cells were mounted on the plane’s 
71-foot-wide (22-meter-wide) wings. 

The first flight, using battery power, 
took place on April 7, 1980, at Shafter 
Airport near Bakersfield, California. It 
was made by MacCready’s son (also 
named Paul), then age thirteen and 
weighing only 80 pounds (36 kilo- 
grams). The boy then made one short 
solar-powered flight on May 18. 

More solar-powered flights were 
soon made in the Gossamer Penguin by 
pilot Janice Brown, who weighed in at 
around 100 pounds (45 kilograms). 
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On August 7, 1980, she flew the Penguin 
for about 2 miles (3 kilometers) in a 
flight lasting 14 minutes. 

After the Gossamer Penguin, the 
MacCready team built Solar Challenger. 
This plane had smaller wings but an 
extra-large rear stabilizer. The stabilizer 
offered enough surface area for 16,128 
solar cells, which meant the Solar 
Challenger was a lot more powerful than 
the Penguin. In 1981, the Solar 
Challenger became the first solar-pow- 
ered airplane to cross the English 
Channel, completing a trip of 161 miles 
(259 kilometers) from north of Paris, 
France, to Kent, England. 

The success of Gossamer Penguin and 
Solar Challenger was followed up by 


© The solar- 
powered 
Gossamer 
Penguin is 
flown here by 
schoolteacher 
Janice Brown, 
a qualified 
pilot. The 
solar panel 
(top) is 

tilted toward 
the Sun. 


later solar airplanes, such as Pathfinder. 
This unmanned research airplane, devel- 
oped by NASA, first flew in 1993. 
Pathfinder and its successor, Pathfinder 
Plus, set several altitude records, reach- 
ing a height of over 80,000 feet (24,400 
meters) in 1998. 

Solar-powered flying wing airplanes, 
remotely controlled from the ground, 
may someday be able to fly for weeks or 
months and help carry out scientific 
research, mapping, and other tasks. 


SEE ALSO: 


e Aircraft, Experimental e Energy 


e Fuel è Future of Aviation 
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Gravity 


ravity is a force of nature that 
(gero is familiar with. On 
Earth, gravity is the force that 
pulls everything downward. It also keeps 
the Moon in orbit around Earth and the 
planets in orbit around the Sun. All fly- 
ing machines must overcome its pull. 
Gravity is a property of matter. It is a 
force that always pulls, never pushes. 
Every particle of matter has its own tiny 
force of gravity, which attracts every 
other particle of matter. 
Sir Isaac Newton (1642-1727) made 
a scientific study of gravity. He discov- 
ered that the force of gravity between 
two objects depends on their masses and 
the distance between them. The greater 
the masses, Newton’s experiments 
showed, the stronger the force. Newton 
also found that the farther apart the 
masses are, the weaker the force. A big 
mass such as Earth has a strong force of 
gravity that gets weaker farther away. 


Falling 

Objects fall to the ground because of 
gravity. Common sense seems to suggest 
that heavy objects should fall faster than 
light objects, but that is not correct. 
Galileo Galilei (1564-1642) carried out 
experiments to show that heavy and 
light objects fall at exactly the same 
rate. Another way of saying this is that 
acceleration due to gravity does not 
depend on mass. If two lumps of clay, 
one twice as big as the other, are 
dropped from the same height, they fall 
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NEWTON'S UNIVERSAL 
LAW OF GRAVITATION 


Isaac Newtons Universal Law of 
Gravitation states that the force of 
gravity between two masses IS 
directly proportional to the product 


of their masses and inversely propor- 
tional to the square of the distance 
between their centers. The equation 
that expresses this reads as follows: 
F= Gm1m2/d . F is the force of grav- 
ity; G is the constant of gravitation; 
m1 is one mass; m2 Is the other 
mass; d is the distance between the 
centers of the masses. 


at the same rate and hit the ground at 
the same instant. 

Near Earth’s surface, falling objects 
accelerate due to gravity at about 32 
feet per second per second (10 meters per 
second per second). This means that the 
object travels 32 feet per second 
(10 meters per second) faster every 
second. Objects falling through the air 
from a great height eventually stop 
speeding up because the force of gravity 
is balanced by air resistance pushing 
upward. The final speed of a falling 
object is called its terminal velocity. 

In Earth’s gravity, if a feather and a 
hammer are dropped, the feather takes 
much longer to fall than the hammer. 
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The feather is so light and it has 
such a big surface area that its fall is 
slowed by air resistance much more 
than that of the hammer. In 1971, 
U.S. astronaut David Scott took a 
feather and a hammer to the Moon 
and carried out an experiment. 
Without any air to slow the feather, 
it fell as fast as the hammer when 
Scott dropped them both. The two 
objects landed on the Moon’s sur- 
face at the same time. 


How Gravity 
Affects Astronauts 
The development of the human body 
was Shaped by the conditions on Earth’s 
surface, including gravity. On Earth, 
muscles and bones grow strong by 
working against gravity. Fluids in the 
body, mainly blood, are pulled down- 
ward by gravity. 

Astronauts in orbit are pulled by 
gravity almost as strongly as they are on 
Earth, but the effect of gravity vanishes 
in orbit because the astronauts and their 
spacecraft are in a State of free fall. The 
combination of their speed with the 
downward pull of gravity means that 
their curving fall exactly matches the 
curve of the Earth’s surface. Astronauts 
in their spacecraft fall without getting 
any closer to the ground. This effect 
explains why astronauts float in space. 

Gravity tells us which way is up and 
which way is down. Down is the direc- 
tion in which gravity pulls us, so down 
is toward the center of Earth. Up is the 
opposite direction. When the effect of 





© Astronaut David Scott watches the hammer 
and feather he dropped on the Moon. With no 


air resistance, the two objects hit the surface 
simultaneously. 


gravity is removed, up and down have 
no meaning. Astronauts sometimes have 
to take a moment to figure out which is 
the floor and which is the ceiling 
because they lose their sense of up and 
down. When they are in space, they can 
work, eat, or sleep just as comfortably 
with their heads pointing at the floor as 
any other way. 

An astronaut’s body is affected by 
spaceflight. Without gravity to push 
against, muscles waste away and bones 
lose calcium. Fluids that are normally 
pulled downward spread out through the 
body, making astronauts’ faces fatter 
and their legs thinner. The balance 
mechanism in the ear does not work 
properly, so astronauts can feel dizzy 
and sick for the first days of a mission. 
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Gravity Boost 

Space probes sent across the solar sys- 
tem sometimes use the gravity of other 
planets to help them on their way. As a 
Space probe flies toward a planet, the 
planet’s gravity pulls the probe and 
speeds it up. When it flies past the plan- 
et, gravity acts like a brake and slows it 
down again. If a planet stood still in 
space, this is all that would happen, and 
the probe would not gain or lose any 
speed. Planets do not stand still, how- 
ever, they move. 

Jupiter flies around the Sun at about 
30,000 miles per hour (about 48,000 
kilometers per hour). If a space probe is 
flying in the same direction as Jupiter, it 
is swept along by the giant planet’s 
gravity. It speeds up by the amount of 
Jupiter’s speed, therefore gaining 30,000 
miles per hour (48,000 kilometers per 
hour) without having to use any fuel. A 
planet’s gravity also can slow a probe 
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GRAVITY ON OTHER PLANETS 


PLANET GRAVITY 


Mercury 0.38 x Earth gravity 
Venus 0.91 x Earth gravity 
1.00 x Earth gravity 
0.38 x Earth gravity 
2.36 x Earth gravity 
0.92 x Earth gravity 
0.89 x Earth gravity 
1.12 x Earth gravity 


Earth 
Mars 
Jupiter 
Saturn 
Uranus 
Neptune 





down or bend its flight path to steer it in 
a different direction. These maneuvers 
are called “gravity assist.” 

Gravity assist enables a small space 
probe to visit distant planets without 
having to carry a huge amount of fuel. 
Space probes going to Mercury use 
Venus’s gravity to slow them down and 
set them on course for their destination. 
Space probes going to the outer planets 
use planets that they pass on the way to 
pick up the extra speed they need. 

A planet has to be in the right place 
at the right time to give gravity assist to 
a space probe exactly when it is needed. 
For this reason, space probes often have 
to be launched within a certain period of 
time, called the launch window. 


G Spanish astronaut Pedro Duque watches a water 
bubble float between himself and the camera on 
board the International Space Station. The bubble, 
like a lens, shows the astronaut's miniature image. 
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Tides 

The gravitational pull of other bodies 
also affects Earth. Twice a day, the sea 
rises up and washes up onto the coast. 
These daily rises and falls of the sea are 
the tides. They are caused mostly by the 
Moon’s gravity and, to a lesser extent, 
by the Sun’s gravitational pull. The 
Moon pulls water on Earth toward it, 
and a big bulge of water forms. As Earth 
spins, the high water moves around the 
world, causing one of the day’s tides. A 
smaller bulge left behind on the opposite 
side of the world causes the second tide 


O Neap tides and spring tides are the names 
given to the highest and lowest tides produced 
when the Sun's gravity either combines with or 
opposes the Moon's pull on Earth's oceans. 


of the day. At regular intervals, the Sun 
adds to the Moon’s gravity to produce 
the highest tides or opposes the Moon’s 
gravity to produce lower tides. 


SEE ALSO: 


e Astronaut @ Force ¢ Newton, Isaac 
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Hang Glider 


hang glider is a small, light- 
Awe aircraft with no engine. It 
is controlled by a person who 
hangs, suspended in a harness, below a 
triangular wing. The pilot controls the 


hang glider with body movements and a 
control bar. 


Hang Gliding History 

The hang glider concept dates from the 
pioneer days of aviation at the end of 
the nineteenth century. German aviator 
Otto Lilienthal made glider flights, 
hanging underneath batlike wings that 
he built himself. His contraptions fitted 
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the definition of hang glider because 
Lilienthal controlled them by swinging 
his body from side to side. He launched 
himself by running down the slope of a 
hill. Once in the air, Lilienthal’s control 
of the glider was always less than com- 
plete. Although he made more than 
2,000 successful glides, a fatal crash in 
1896 ended the career of this brave and 
inventive aviator. 

Other inventors saw that the hang 
glider could lead to larger and more 
controllable airplanes. Hang gliding 


© Hang glider pilots use their body position 
and a control bar to change the direction of 
their aircraft. 
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experiments led to the development of 
larger, person-carrying gliders and then 
to the first powered airplanes. 

Glider, or sailplane, flying developed 
for sport and recreation during the 
twentieth century, but hang gliders were 
mostly forgotten until the 1970s. In that 
decade, enthusiasts started building 
them as a cheap, enjoyable way of fly- 
ing. Their enthusiasm was aided by the 
availability of lightweight metals, such 
as aluminum, to construct the frames. 
New, tough, plastic-based materials were 
ideal for the wing surfaces. Hang gliding 
started in the United States, and it soon 
became popular in other countries. 

Today, hang gliding is a popular 
sport with people who cannot afford to 
buy or rent a full-size glider. Hang glid- 
ing equipment is simpler and less costly. 
These small, portable aircraft are also 
excellent for people who enjoy flying in 
places that are not suitable for launch- 
ing a conventional glider. One of the 
joys of hang gliding is that the pilot can 
take the glider almost anyplace flying is 
permitted. If conditions are suitable, the 
pilot can be up in the air within a few 
minutes of unloading the glider from a 
car trailer. A hang glider is collapsed 
and folded for transportation and stor- 
age when not in use. 


How It Works 

Modern hang gliders often are launched 
in the same way that Otto Lilienthal 
launched himself in the 1890s, by run- 
ning down a hillside. The pilot holds the 
Slider over his or her head and takes 


VARIO/ALTIMETERS 


Glider pilots, including hang glider 
pilots, look for rising air to help them 
fly higher. The vario/altimeter is an 
electronic instrument that shows the 
pilot when the glider Is rising or sink- 
ing. This instrument has a visual dis- 
play and also gives audio signals in 
the form of beeps. A typical 
vario/altimeter includes a height and 
airspeed indicator and may have a 
GPS navigation function. This useful 
ald helps a hang glider pilot find an 
updraft of air, or thermal, and stay 
within it. 


el So 
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Swift paces down the windward slope 
(the side of the hill against which the 
wind is blowing) until the glider catches 
enough air to lift off. 

An alternative launch method is to be 
towed by a truck at the end of a towrope 
or by a boat across a lake or ocean. 
When the pilot has reached a safe 
height, usually around 400 feet (120 
meters), he or she releases the towrope. 
Experienced fliers can choose from even 
more dramatic launch techniques. These 
methods include being towed into the 
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air by a powered airplane, taking off 
under power using a small motor 
attached to the harness, or being 
dropped from a hot air balloon. 

The wing of a typical hang glider 
resembles that of a toy stunt kite, but it 
has a span of about 30 feet (9 meters). 
The hang glider’s wing is kept rigid by a 
metal frame. To make the glider go 
where the pilot wants, he or she shifts 
his or her own body position and oper- 
ates a control bar attached to the glider. 
A hang glider flies on the same prin- 

ciples as a fixed-wing glider. The 
aircraft fly best in rising drafts of 
air, for example when the wind hits 
the side of a hill or a sea cliff. Long 
flights can be achieved if the pilot 
flies into the updrafts of air known 
as thermals. Rising air also is found 
along mountain ridges. By good use 
of rising air drafts, hang gliders 
have made flights of more than 435 
miles (700 kilometers). 
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Hang gliders can fly at speeds of up 
to 90 miles per hour (145 kilometers 
per hour), and they can encounter 
some rough weather conditions. 
They also can be tricky to fly. For 
these reasons, trainee pilots learn 
basic hang gliding skills on the 
ground and during brief “hops” into 
the air. Pilots in training will often 


CA well-positioned platform sticking out 
from a hill also makes a good launching pad 
for a hang glider. 
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PARAGLIDERS 


A paraglider flies in a way similar to a hang glider. The difference is that a paraglider 
looks more like a parachute and has no rigid frame. The pilot sits in a seat harness 
Suspended beneath the canopy. The term 
paraglider was first used by aviation scien- 
tists In the 1960s. The sport paraglider was 
developed in the 1970s by French enthusi- 
asts, who were inspired by new, advanced 
parachute designs. French pilots made 
paragliding popular, and France still has the 
largest number of paragliders. 

The paraglider is easy to pack and light 
enough to be carried, which is useful when a 
flight ends with the pilot landing miles away 
from the takeoff area. The paraglider trainee 
can learn most skills in the air. 

The aircraft is easy to launch and fly in 
light winds, but it does not glide as well as a 
hang glider. For this reason, it usually cannot 
fly such long distances, although some 
paragliders have flown as far aS 250 miles 
(400 kilometers). 





fly tandem (two at a time) with an expe- 
rienced instructor. 

The United States Hang Gliding 
Association provides licenses to hang 
Slider pilots. This official body also 
issues certificates to instructors and 
enforces safety regulations that all pilots 
are expected to observe. Hang gliding is 
often thought to be a risky sport by peo- 
ple not involved in it. Although modern 
materials are both light and strong, a 
hang glider is a flimsy airplane that is 


easily damaged. Accidents can happen, 
often as a result of unpredictable wind 
currents or weather changes. Hang glid- 
er pilots can carry a parachute in their 
harnesses for emergencies. 


SEE ALSO: 
e Air and Atmosphere œ Bird 


e Glider ¢ Global Positioning System 
e Lilienthal, Otto e Wing 
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Helicopter 


helicopter is an aircraft with 

whirling rotor blades instead of 

fixed wings. It gets its lift from a 
set of spinning blades, called a rotor, 
which are turned by an engine. 

The helicopter is one of the most use- 
ful aircraft. It does not need airfields to 
take off and land, and its flying abilities 
include vertical landings and takeoffs in 
addition to hovering. The name helicop- 
ter means “spiral wing”—a_ helicopter 
seems to spiral, or twist, its way through 
the air as it flies. 


The First Ideas 


Toy helicopters are quite easy to make 
from a spiral twist of paper, so it is not 
Surprising that early inventors toyed 
with the idea of a flying machine using 
this principle. As far back as the 1400s, 


the brilliant Italian artist and inventor 
Leonardo da Vinci sketched a flying 
machine with a large airscrew, resem- 
bling a helicopter. Sadly for him, there 
was no engine capable of powering such 
a machine, and it was never built. 
Inventors experimenting with model 
helicopters with a single spinning screw, 
or rotor, came up against a serious flaw. 
As the rotor blades turned in one direc- 
tion, the body of the machine turned in 
the opposite direction. This problem was 
overcome by having twin rotors turning 
in opposite directions. In 1843, English 
aviation pioneer Sir George Cayley 
designed a helicopter along these lines, 


€) Emile Berliner experimented with vertical 
flight from 1908 onward. Working with his son 
Henry in the 1920s, Berliner managed to get his 
helicopters to rise off the ground, but they 

did not fly far. 
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HELICOPTER 


with two sets of rotors. Steam engines, 
however, were the only power unit 
around, and they were far too heavy for 
a helicopter. There was no way to turn a 
toy into a machine that could lift people. 


New Developments 

The gasoline engine of the 1880s made 
helicopters possible. In 1907, French 
inventors Paul Cornu and Louis Breguet 
built machines that hopped briefly into 
the air. That same year, a French heli- 
copter did lift a man off the ground, but 
only while it was held steady by four 
men with long poles. 

At this time, Russian engineer Igor 
Sikorsky was also investigating helicop- 
ters; he built his first in 1910. 
Meanwhile, in the United States, Emile 
and Henry Berliner were also building 
helicopters. None of these machines, 
however, could fly very well, and they 
did not rival the fixed-wing aircraft that 
were developing rapidly in this period. 

During the 1920s-—1930s, interest in 
helicopters was spurred by the appear- 
ance of the autogiro. This was an air- 
plane with fixed wings and a propeller, 
with a large four-bladed rotor on top for 
takeoff, landing, and steering. It demon- 
strated the advantages of an aircraft that 
can take off and land vertically—landing 
in city centers, for example. 


The First Successful 
Helicopters 

In 1936, a helicopter flown in Germany 
became the forerunner of the modern 
helicopter. The Focke-Achgelis FW-61 





THE CONVERTIPLANE 


A variation on the helicopter princi- 
ple is the convertiplane. This concept 
dates back to the autogiro of the 
1920s. A convertiplane is capable of 
vertical takeoff and landing (VTOL) 
using rotary-wing flight, but then 
Switches to normal layout for for- 
ward flight at soeeds matching those 
of conventional airplanes. The idea 
was demonstrated In 1957 by the 
British Rotodyne, a helicopter-like 
airliner with wings and engines for 
normal flight. An example of a 
modern convertiplane is the tilt-wing 
CV-22 Osprey. 


OVA CV-22 Osprey flies over Nevada 
with its propellers pointed up. 


had two rotors mounted on outriggers 
(metal frames) on either side of the 
fuselage. This aircraft could take off and 
land vertically, it could hover, and it 
could fly at 76 miles per hour (122 kilo- 
meters per hour) during flights of over 
an hour in duration. 
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Igor Sikorsky, who had left Russia in 
1919 and had become a U.S. citizen, was 
still busy working on ideas for heli- 
copters. In 1940, his new helicopter, the 
VS-300, made its first flight without 
being tethered to the ground. It was a 


BELL HELICOPTERS 


The Bell Aircraft Corporation was 
founded by American Lawrence Bell 
(1894-1956). The company made its 
name with airplanes, such as the 
record-breaking X-1, but became 
equally famous for helicopters, start- 
ing with the Bell Model 47 (1945). 
This small, obubble-nosed whirlybird 
Stayed In production until 1973 and 
was used by armed forces all over 
the world. Its original piston engine 
gave the Model 47 a top speed of 


105 miles per hour (169 kilometers 
per hour). 


O The Bell Model 47 H-13 Sioux was 
used for observation and for medical 
evacuations in the Korean War. 
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small, single-seat machine with a single 
rotor. The VS-300 was followed in 1942 
by the XR-4, the first military helicopter 
to be put into production. A small 
number of XR-4s were flown by Allied 
forces during World War II (1939-1945). 
In 1943, an XR-4 became the first heli- 
copter to take off from a ship. 


Into Everyday Use 

Interest in helicopters increased rapidly 
after World War II. In 1946, the first 
experimental delivery of U.S. airmail by 
helicopter was made in Chicago. A 
Sikorsky S-51 began the world’s first 
scheduled helicopter passenger service 
in Los Angeles in 1947. A helicopter 
landing station, or “heliport,” was 
opened in New York City in 1949, and 
the first international helicopter passen- 
ger flight was made in 1953 between 
Brussels, Belgium, and London, England. 

For the military, too, the helicopter 
was soon in everyday use. During the 
Korean War (1950-1953), helicopters 
took on a variety of tasks, including 
observation, transporting supplies and 
troops, and evacuating casualties. 

By the 1960s, the helicopter had a 
combat role—attack helicopters called 
“gunships” targeted enemy troops and 
tanks on the ground. Helicopters were 
used a great deal in the Vietnam War. 
The first combat helicopter widely 
employed by the U.S. military was the 
Bell Model 209 HueyCobra (1967). 

Helicopters found useful roles with 
the U.S. Navy: they flew reconnaissance 
missions and hunted submarines with 


(c) 2011 M.E. Sharpe, Inc. All Rights Reserved. 


HELICOPTER 


O Helicopters are versatile enough to do many 
different jobs. This Firehawk helicopter is 
designed for fighting wildfires. 


guns, missiles, depth charges, and torpe- 
does. They were used to rescue pilots 
downed in the ocean and to retrieve 
spacecraft and astronauts. Large, troop- 
carrying helicopters flew soldiers and 
marines into combat zones. Even a rela- 
tively small ship, such as a destroyer, is 
able to carry a helicopter, and this type 
of aircraft is now an essential compo- 
nent of a modern navy fleet. 












L A < A a 





| y l ay 


I 
i 4 gi mY: A G pt io 


fe v yi r 


he ah yl 
eae 


Bigger and Stronger 

Ever since the first reliable helicopters 
took to the air, these rotary-wing air- 
craft have been widely used all over the 
world for both military and commercial 
purposes. Helicopters are not cheap to 
operate, and they are noisy, but their 
flexibility has made them extremely 
useful that it is hard to imagine a world 
without them. 

A disadvantage of a helicopter is that 
it is slower than a fixed-wing aircraft. 
Most helicopters travel at speeds of less 
than 200 miles per hour (320 kilometers 
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per hour). One way to make a helicopter 
go faster is to add jet-thrust engines or 
propellers for forward flight. This pro- 
duces a compound helicopter that can 
fly at more than 340 miles per hour 
(550 kilometers per hour). 

The first helicopters had piston 
engines, but most modern helicopters 
are powered by a gas turbine jet engine 
called a turboshaft. Some helicopters, 
especially military craft, have short 
stubby wings that provide extra lift dur- 
ing forward flight. The wings also are 
used for attaching payloads and as 
mounts for missiles and other weapons. 

The Soviet Union has built some of 
the world’s biggest helicopters, such as 
the Mil Mi-26, probably the heaviest 
helicopter ever flown. A rival U.S. heli- 
copter, the Sikorsky CH-53E Super 
Stallion (1974), used just one extra-large 
rotor with a diameter of 79 feet (24.08 
meters). It could carry a crew of three 
and up to fifty-five troops. 


How a Helicopter Works 

The rotor of a helicopter serves as both 
wings and propeller. Lift is produced by 
changes in air pressure caused by the 
spinning blades of the rotor. As a blade 
moves, air flows faster over its curved 
upper surface than over its flat lower 
surface. This results in reduced air pres- 
sure above the blade; the difference in 
air pressure produces lift. 

The helicopter pilot can control the 
amount of lift by altering the angle of 
the rotor blade. If the blade is tilted so 
that more air presses up against the bot- 
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tom of the blade, the air pressure 
beneath it increases, and so does the 
helicopter’s lift. 

A helicopter can fly straight up and 
forward or backward. It can hover, fly 
Straight down, and fly sideways, but it 
cannot glide. A helicopter pilot can 
never let go of the controls—just to 
hover requires the pilot to make con- 
stant tiny corrections to maintain the 
correct position. 


The Controls 

A helicopter has four main controls: 
throttle, cyclic control, foot controls (to 
control torque), and collective. The pilot 
uses the throttle to control the speed of 
the engine. By moving the cyclic control 
lever or control column, the pilot can 
alter the tilt of the rotor blades. For 
example, pushing the stick forward tilts 
the rotor forward, and the helicopter 
flies forward. 

The pilot uses foot pedals to turn the 
helicopter by altering the pitch of the 
tail rotor blades, which swings the tail 
around. The collective pitch stick or 
lever is used to control the angle, 
or pitch, of the rotor blades. This action 
affects the amount of lift generated and 
thus makes the helicopter fly up or 
down, or causes it to hover. 


Single-Rotor Helicopters 

The single-rotor helicopter has one large 
rotor, usually mounted toward the front 
of the body and above the passenger 
compartment. A smaller rotor is 
attached to the tail of the helicopter. 
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The main rotor may have between two 
and eight blades. The tail rotor can have 
two, twelve, or more blades. It is mount- 
ed vertically on the side of the tail and 
is therefore at right angles to the main 
rotor. The tail rotor provides stability, 
acting against the tendency of the heli- 
copter to spin around in the opposite 
direction of the main rotor blades. This 
spin force is known as torque. 

The tail rotor may be shrouded, or 
enclosed in a cover—it is then called a 
fenestron. This is quieter and safer, but 
less efficient. A tail rotor can use up to 
5 percent of the engine’s power without 
helping the helicopter fly upward or for- 
ward. One way of improving efficiency 
is to angle the vertical stabilizer so that 
it counteracts the torque without taking 
power from the engine. Helicopter pilots 
call this “slipstreaming.” 


Twin-Rotor Helicopters 
A twin-rotor helicopter has a long, wag- 
onlike body—for carrying passengers or 


G A twin-rotor CH-47D Chinook carries a fork- 
lift as part of a recovery mission in Iraq in 2006. 


cargo—and a large rotor at either end. 
One of the first “tandem rotor” heli- 
copters was the Piasecki PV-3 (1945), 
which was nicknamed the “flying 
banana.” The Piasecki PV-3 was able to 
carry ten people at 120 miles per hour 
(193 kilometers per hour). 

The most famous example of a twin- 
rotor wagon helicopter is the CH-47 
Chinook. In these large helicopters, the 
tail rotor rotates at a slightly higher 
level than the front rotor. The two rotors 
turn in opposite directions to prevent the 
helicopter from spinning around in the 
air. These big machines are less agile 


THE CHINOOK 


The Piasecki company pioneered the 
twin-rotor wagon helicopter with the 
"flying banana" of 1945. Piasecki 
later became Vertol (1956) and sub- 
sequently merged into Boeing. Its 
most famous helicopter is the CH-47 


Chinook. First flown in 1961, the 
Chinook has a top speed of about 
180 miles per hour (290 kilometers 
per hour) and a payload capacity of 
14 tons (13 metric tons). The Chinook 
has seen action in combat zones 
around the world and Is one of the 
most versatile and hard-working air- 
craft in history. 
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than single-rotor helicopters, and pilots 
have to watch out that the long rotor 
blades do not smash into buildings or 
trees when flying low or landing. A vari- 
ation of the twin-rotor design is the 
coaxial-rotor helicopter, in which the 
two rotors are mounted one above the 
other. 


Helicopters Today 

There are very few flying jobs that a 
helicopter cannot do. A helicopter can 
pick up a load in one place and deposit 
it neatly in another. For example, a 
helicopter can position a communica- 
tions antenna on top of a skyscraper or 
lower a roof onto a high structure. 
Farmers use helicopters to spray crops, 
and firefighters use them to dump water 
on forest fires. 
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© Oil companies use helicopters to carry workers 


to and from offshore oil rigs. 


Helicopters play a important role in 
Ssearch-and-rescue missions and fre- 
quently pick up injured mountain 
climbers. They ferry food, clothing, and 
medical supplies to the victims of natu- 
ral disasters (such as earthquakes or hur- 
ricanes) in hard-to-reach places. 

Police use helicopters for surveil- 
lance, highway patrols, and pursuing 
criminals. Heads of state use them for 
security reasons—the presidential heli- 
copter, for example, lands the president 
on the White House lawn and within 
other secured areas. Business executives 
often prefer to arrive for a business 
meeting by helicopter to avoid traffic 
jams. Media organizations, such as TV 
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SUPERFAST X2 


In 2005, Sikorsky Aircraft announced 
a new, high-speed, rotary-wing alr- 
craft. Known as the X2, this helicop- 
ter has a coaxial design (two rotors 
spinning on the same axis) and a 
“pusher” prop at the tail. X2 technol- 
ogy does away with the need for a 
tall rotor, and a coaxial rotor layout 
also makes the helicopter more sta- 
ble. The X2 does all the things that 
ordinary helicopters do, but it flies 
Significantly faster, thanks to Its 
pusher-propulsion. The world record 
Speed for a helicopter Is 249.09 miles 
per hour (400.87 kilometers per 
hour), set by a Westland Lynx in 
WISCAmIMOSTMeNG@ oles “GRUISE at 
about 185 miles per hour (300 kilo- 
meters per hour). The X2 designers 
are claiming speeds of at least 290 
miles per hour (470 kilometers per 
hour) for their latest helicopter. 





stations, send helicopters to cover news 
stories from the air, and many exciting 
stunts in movies are filmed from heli- 
copters. Helicopters are useful for 
exploring remote areas because they can 
land just about anywhere. They are used, 
for example, to track migrating animals, 
for environmental research, and by util- 
ity companies for checking power lines. 

The attack helicopter is a key weapon 
of the twenty-first century. The AH-64 





O Many thousands of people have been saved 
from floods, shipwrecks, and other mishaps by 
rescue helicopters. 


Apache attack helicopter, for example, 
fired the first shots in the 1991 Desert 
Storm operation during the Iraq War. It 
used Hellfire missiles to knock out Iraqi 
radar and surface-to-air missile sites. 
Helicopters also were used in the Iraq 
War that began in 2003 and in U.S. 
combat in Afghanistan. The Apache, and 
the more recent AH-64D Apache 
Longbow, are very effective against 
ground targets. These kind of attack hel- 
icopters can be linked to a sophisticated 
command-and-control system, which 
allows commanders on the ground to 
call up an air strike on a precise target. 


SEE ALSO: 
e Aircraft, Military ° Autogiro 


e Da Vinci, Leonardo œ Lift and Drag 
e Sikorsky, Igor 
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Hindenburg 


Type: Dirigible airship. 

Manufacturer: Zeppelin Company 
(Germany). 

First flight: 1936. 

Use: Long-distance passenger transport. 


he LZ 129 Hindenburg was one of 
T several great passenger-carrying 

airships built between World War I 
and World War II. It was destroyed on 
May 6, 1937, while approaching its 
mooring mast at Lakehurst, New Jersey, 
after a flight from Frankfurt, Germany. 


Zeppelins 

The Germans developed large Zeppelin 
military airships during World War I 
(1914-1918). The German airship Graf 
Zeppelin, the most successful commer- 
cial airship of its time, flew around the 
world in August 1929. Its commander 
was Dr. Hugo Eckener (1868-1954), who 
led the Zeppelin company after the 
death in 1917 of its founder, Ferdinand 
von Zeppelin (also known by his title, 
Graf Zeppelin). 

Eckener believed that very large pas- 
senger airships would rival airplanes. 
The new super-Zeppelins would cruise 
over the oceans, like true ships of the air, 
offering passengers high standards of 
comfort as well as spectacular views. In 
1932, Graf Zeppelin began the first reg- 
ular transatlantic air service, flying 
between Germany and Brazil. This 
airship flew throughout the 1930s, 
covering more than 1 million miles 
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©) Ferdinand von Zeppelin (1838-1917) manu- 
factured Zeppelin airships, the largest aircraft of 


their time. 


(1,600,000 kilometers) without any acci- 
dents. Its success encouraged airship 
designers in the United States, Britain, 
France, and other countries to follow the 
Zeppelin example. 

The 129th airship built by the 
Zeppelin Company, LZ 129 Hindenburg, 
took to the air for the first time in March 
1936. It was named for Paul von 
Hindenburg (1847-1934), president of 
Germany from 1925 until his death. The 
airship was the pride of Nazi Germany 
and flew over the Olympic Stadium in 
Berlin during the 1936 Olympic Games. 
The Hindenburg and its sister ship, the 
Graf Zeppelin II, were the largest air- 
ships ever built. 
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HINDENBURG DESIGN 


The Hindenburg was an enormous 
aircraft. It was almost 804 feet (245 
meters) long—as long as a 1930s 
ocean liner and longer than three 
Boeing 747 airliners. The airship's 
four diesel engines, each producing 
1,200 horsepower (890 kilowatts), 
gave Ita maximum speed of 84 miles 
per hour (135 kilometers per hour). 
The Hindenburg was very strongly 
built. It had a framework made of 
a metal alloy Known as duralumin 
(a mixture of aluminum and copper 
with traces of magnesium, man- 
ganese, iron, and silicon). The gas to 
lift the giant airship was enclosed in 
sixteen bags, called cells, within the 
rigid metal girder frame. The 
Hindenburg could hold more than 
7 million cubic feet (196,000 cubic 
meters) of gas. 





Traveling on the Hindenburg 
The Hindenburg had a control car that 
held the control room or bridge (as in a 
ship), the navigation room, and an 
observation area. The control room crew 
operated rudder and elevator controls. 
They could also release hydrogen gas 
(to make the airship lose height) or water 
ballast (to gain height). 

The Germans used hydrogen, which 
was highly flammable, as a lifting gas. A 
safer alternative was helium gas, but the 


only major producer of helium was the 
United States. The sale of helium to 
Germany was prohibited at the time 
because of political disagreements 
between the U.S. government and 
Germany’s Nazi regime. German airship 
engineers knew that hydrogen gas could 
be dangerous; there had been many 
accidents with balloons and airships 
caused by hydrogen catching fire. Only 
a spark was needed. To minimize the risk 
of fire, engineers had built in safety 
measures that included treating the skin 
of the airship to prevent any sparks 
caused by electricity or metal contact. 
Passengers were permitted to smoke, but 
only in a pressurized smoking room. 

The passenger accommodation was 
inside the metal body of the airship. The 
Hindenburg had beds for fifty passen- 
gers, although more than 100 people 
could be carried, including the crew. 
Passenger cabins were small, measuring 
6.5 feet by 5.5 feet (1.98 by 1.68 meters). 
Each was equipped with a sleeping 
berth, a folding washbasin, and a fold- 
ing writing table. Passengers spent most 
of their time in the public areas of the 
airship, looking out of the windows at 
the view of mountains, cities, and ocean 
passing beneath them. At one point, the 
giant airship even had a grand piano, 
but this was removed to save weight on 
the 1937 flights. 


Across the Atlantic 

The Hindenburg flew regular passenger 
services across the north Atlantic Ocean. 
The east-west trip from Frankfurt, 
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G The vast, complex frame of the 
Hindenburg fills a giant building during 
the airship's construction in 1934. 


1937 was scheduled for May, and 
on May 6, after crossing the 
Atlantic Ocean, it loomed into 
sight above Lakehurst, New 
Jersey. It was an impressive spec- 
tacle, and a crowd had gathered 
to watch the airship come in. 


The Crash 

Just as the massive gray shape 
was close to its mooring mast, 
spectators were horrified to see 
flames erupt and spread rapidly 
through the fabric. Engulfed in 
flames, the giant airship crashed 
to the ground. In little more than 
30 seconds, the greatest airship 
the world had ever seen had 
become nothing more than a red- 












































Germany, to Lakehurst, New Jersey, took 
65 hours. Flying in the opposite direc- 
tion, from North America to Europe, 
took only 50 hours because of favorable 
tailwinds. During 1936, the Hindenburg 
made ten trips across the North Atlantic. 
The giant airship flew so well that engi- 
neers decided they could add ten extra 
passenger cabins, one with four beds, for 
the 1937 flights. 

Passenger airship flights were usual- 
ly suspended for winter, because the 
craft flew at low altitude and at low 
speed and could be affected by bad 
weather. The Hindenburg’s first trip in 
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hot mass of twisted metal. 

It was amazing that anyone could 
survive such an inferno, but most of the 
crew and passengers did. Thirty-five of 
the ninety-seven people on board were 
killed: thirteen of the thirty-six passen- 
gers and twenty-two of the sixty-one 
crew members. Many died when they 
leapt from the airship. Those who stayed 
onboard as it crumpled to the ground 
were mostly able to scramble clear. 

The horror of the Hindenburg’s end 
was broadcast on live radio, and this 
report, together with the press photo- 
graphs of the burning airship, had a 
worldwide impact. 
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©) As the Hindenburg came near to landing in 
Lakehurst, New Jersey, the giant airship erupted 
into flames in its rear section. It hit the ground 
almost immediately. 


How the Hindenburg fire started is 
not clear. Possible causes include a spark 
or a lightning strike, although the paint 
on the skin also has been blamed. There 
have even been allegations of sabotage. 
Whatever the cause, the consequence of 
the accident is undisputed. The loss of 
the Hindenburg meant the end of the air- 


ship era. Other airship disasters, such as 
the loss of the USS Akron in 1933, 
already had shaken the public’s faith 
in airships. The Hindenburg tragedy was 
the final blow that effectively put an 
end to the historic age of the great 
passenger-carrying airships. 


SEE ALSO: 


e Airship ° Engine è Materials and 


Structures ®© World War I 
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Hubble Space 
Telescope 


he Hubble Space Telescope is a 
ES telescope, one that col- 

lects light from distant objects. 
Launched into space in 1990, Hubble is 
run by the U.S. National Aeronautics 
and Space Administration (NASA) as an 
orbital observatory. The Hubble tele- 
scope is named for Edwin Powell Hubble 
(1889-1953), one of the world’s great 
astronomers. Its discoveries are valued 
by astronomers and other space scien- 
tists all over the world. 


Discovering the Universe 
At the beginning of the twentieth centu- 
ry, most astronomers thought there was 
only one galaxy visible in the universe— 
the Milky Way—the galaxy of which our 
Sun and its planets are a tiny part. In 
1924, American astronomer Edwin 
Hubble was using the 100-inch (254- 
centimeter) Hooker telescope at the 
Mount Wilson Observatory, near Los 
Angeles, California. He observed anoth- 
er galaxy, Andromeda—one of countless 
galaxies, all of which are apparently 
moving away from one another at enor- 
mous speed. Hubble was the first 
astronomer to propose that the universe 
was actually expanding. For the first 
time, scientists realized the true vastness 
of the universe with its unimaginable 
number of stars. 

Astronomers knew that their optical 
(light-collecting) telescopes on Earth 





HUBBLE FACTS 


e Hubble is 43.5 feet (13.3 meters) 
long—about the length of a school 
bus—and weighs 24,000 pounds 
(11,000 kilograms). 

e Hubble orbits Earth at a height of 
about 375 miles (about 600 kilo- 
meters) and makes one orbit every 
S77 AmanAauiies: 


e Compared to the largest telescopes 


on Earth, Hubble Is not especially 
big—its primary mirror has a dia- 
meter of 7.9 feet (2.4 meters). It has 
a secondary mirror, just 12 Inches 
(30 centimeters) in diameter. 

e The telescopes angular resolution, 
or sharpness of vision, is remarkable. 
A person with vision as sharp as 
Hubbles could stand in New York 
City and see bugs on a tabletop as 
far away as San Francisco. 


could give only a blurred picture of 
space. Gas and dust in Earth’s atmos- 
phere make the stars appear to twinkle, 
but these substances make it difficult to 
observe faint, distant stars. The atmos- 
phere also blocks or absorbs electromag- 
netic radiation from space in wave- 
lengths other than visible light—radia- 
tion such as infrared, ultraviolet, gamma 
rays, and X-rays. 

For a clearer view, observatories sited 
large telescopes on the tops of moun- 
tains, high above the “optical pollution.” 
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The idea for a telescope in space, to pro- 
vide even more clarity, was proposed in 
1946 by American scientist Lyman 
Spitzer. At the time, however, there was 
no way to get a telescope out there. 


Plans for a Space Telescope 

In the 1960s, NASA launched two small 
Stargazing satellites, called Orbital 
Astronomical Observatories, into orbit 
around Earth. The first was launched in 
1966 and the second in 1968. Other 
Space probes and satellites also were 
sent on astronomy missions. 

Astronomers still wanted a large 
Space telescope. In 1977, the USS. 
Congress approved the building of a 
space telescope. This time, the project 
went ahead. Some twelve countries and 
many contractors and specialists were 
involved in the design and construction 
of the observatory. By 1985, the space 
telescope was ready. 

There was then a delay before Hubble 
could be sent into space. In 1986, the 
disastrous and fatal loss of the Space 
Shuttle Challenger led to the grounding 
of the Space Shuttle fleet for two years. 
It was 1990 before Hubble went into 
Space, carried in the cargo bay of the 
Space Shuttle Discovery. On April 25, 
1990, Hubble finally drifted free into 
orbit, ready to begin observations. 


Hubble in Space 

Hubble’s precision optics make the most 
of its unique location beyond Earth’s 
atmosphere. The atmosphere, the blanket 
of gases that makes life possible on our 





© A few days before being launched into space 


in 1990, the Hubble Space Telescope was carefully 
loaded into the payload (cargo) bay of the Space 
Shuttle Discovery. 


planet, is a hindrance to astronomy. By 
orbiting in space, above the gases, 
Hubble gets a much clearer view of the 
universe. Hubble also can be aimed very 
accurately to study a specific target, 
such as a star billions of miles away. 
Right after its launch, engineers dis- 
covered there was something wrong 
with the telescope. There was a flaw in 
the optics of the main (primary) mirror. 
As a result of the flaw, the images 
Hubble received were not as clear as sci- 
entists had hoped. The cause of the 
problem was that the primary mirror had 
been ground to the wrong shape, in spite 
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©) Anchored to the Space Shuttle's robotic arm, 
an astronaut prepares to work on Hubble during 


the 1993 servicing mission that repaired a tiny 
but crucial flaw in the main mirror. Since its 
launch, Hubble has been maintained and updated 
by several service visits from astronauts on board 
the Space Shuttle. 


of the care that had been taken to make 
it accurate. It was too flat at the edges 
by a microscopic amount, but this was 
enough to produce what scientists called 
“severe spherical aberration.” Light 
reflecting from the edge of the mirror 
was focused on a different point than 
the light reflecting off its center, so the 
picture was blurred. 

A Space Shuttle flight in 1993 solved 
this problem. Astronauts fitted a com- 
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plex pack of five pairs of smaller mirrors 
to correct the aberration in the main 
mirror. It was like fitting a new lens in a 
person’s eyeglasses to sharpen his or her 
eyesight. It worked, and Hubble started 
to send back to Earth astounding images 
of the distant universe. In 1994, the 
Space telescope was able to send back 
Sharp images of Jupiter during the plan- 
et’s collision with a comet named 
Shoemaker-Levy 9, an event that hap- 
pens only once every few hundred years. 


Collecting and Sending Data 
Hubble has two single cameras for pho- 
tographing large objects and tiny 
details. It has three other cameras that 
record infrared light. Hubble also has a 
spectrograph, which separates a beam of 
light into its separate wavelengths. The 
telescope can use this data to tell what 
elements are present in distant objects. 

Data collected by Hubble is stored 
onboard within solid-state electronic 
data banks. These information banks, 
installed after Hubble’s initial launch by 
Shuttle astronauts, replaced the original 
tape recorders. The data is transmitted to 
Earth via a satellite system called the 
Tracking and Data Relay Satellite 
System. The satellites fly so low that 
they are able to maintain contact with 
ground control for 85 percent of their 
orbit. Information from Hubble is passed 
from the satellite ground station in New 
Mexico to the Goddard Space Flight 
Center in Maryland. 

Hubble is expected to remain in 
use for some years. Its successor, the 
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DA 2005 image of the Crab Nebula is among 
the largest images that Hubble has ever produced. 
Assembled from twenty-four separate exposures, 
it also is the clearest image ever made of this 
colorful remnant of a supernova, or exploded star. 


James Webb Space Telescope, is sched- 
uled for launch in 2013. Although more 
up-to-date than Hubble, the new tele- 
scope will observe only in infrared, not 
in visible light and ultraviolet light as 
Hubble does. 


Answers and Questions 

During its observations, Hubble has pro- 
vided some amazing, and often very 
beautiful, images of galaxies, nebulas, 
and individual stars. The data it has col- 
lected has helped to solve some long- 
standing problems in astronomy. 

The telescope has taken pictures of 
galaxies more than 12 billion light-years 
away. A light-year is the distance that 
light travels in a year, so the light that 
Hubble receives from such distant 
sources began its journey 12 billion 
years ago. Hubble has given scientists 
their most detailed look at the farthest 
known galaxies in the universe. It has 
also detected evidence about the atoms 
present in the atmosphere of a distant 
planet far beyond our own solar system. 
Such distant objects are too far away to 
be visited by a spacecraft, so scientists 
rely on Hubble for evidence that may 
answer one of the great questions of 
modern science: Are there any worlds 
outside our solar system where the con- 
ditions for life exist? 





©) In 1998, Hubble observed this cluster of dis- 
tant galaxies. The images it made merged together 
to give a picture of hundreds of galaxies about 

8 billion light-years away from Earth. 


SEE ALSO: 
e Challenger and Columbia 


e Future of Spaceflight è Satellite 
e Space Shuttle 





315 


(c) 2011 M.E. Sharpe, Inc. All Rights Reserved. 





Hughes, Howard 


Date of birth: December 24, 1905. 

Place of birth: Houston, Texas. 

Died: April 5, 1976. 

Major contributions: Set speed records for 
flying across the United States and around 
the world; founded Hughes Aircraft 
Company, a major producer of airplanes 
and satellites; built the world's largest fly- 
ing boat; expanded TransWorld Airlines 
(TWA) into a major airline. 

Awards: Harmon Trophy (twice); Collier 
Trophy; Octave Chanute Award; 
Congressional Gold Medal; member of 
Aviation Hall of Fame. 


oward Hughes had a remarkable 
Her that including setting 
world speed records as a pilot, 
creating one of the giant companies of 


the aerospace industry, and building a 
major airline. In the later decades of his 
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life, he lived almost completely isolated 
from other people. 


Making Movies 

Hughes was the son of a Texas oilman. 
The family became wealthy when 
Hughes’s father invented a drill bit that 
could dig deep through rock for oil. The 
company that made the drill bit—the 
Hughes Tool Company—generated huge 
profits that funded other business ven- 
tures. In 1924, at age eighteen, Howard 
Hughes gained control of his family for- 
tune when his father died. 

Two years later, Hughes moved to 
Hollywood in Los Angeles, California, to 
follow his passion for movies. He began 
producing movies and took over direct- 
ing his favorite, Hell’s Angels. The 
movie portrayed air combat during 
World War I. Hughes bought nearly 
ninety vintage planes (forming the 
largest private air fleet in the world as a 

result) and filmed hours of aerial com- 
bat scenes. Released in 1930, the 
movie was a box-office success, but it 
came nowhere near earning back its 
stunning cost, $3.8 million (which 
would be ten times that amount 
today). From the late 1940s to the late 
1950s, he owned a major motion pic- 
ture studio called RKO Pictures. 


G After making the movie Hell's Angels, 
Howard Hughes went on to make Sky Devils, 
a comedy about World War | aviation. Hughes 
reused many of the airplanes from his large 
fleet. He is shown here on the Sky Devils set 
In 1931. 
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Daring Pilot 
Hughes’s subject in Hell’s Angels 
reflected his other passion in 
life: flying. He was devoted to 
flying—and to flying fast. In 
1934, Hughes flew a Boeing air- 
plane at 185 miles per hour (300 
kilometers per hour), a new 
record. The next year, he flew 
the H-1 Racer, a plane he and an 
associate had specially designed. 
Built for speed, the plane had 
landing gear that could retract 
into the wings. More important, 
all rivets holding the metal pan- 
els of the plane were set flush 
into the structure to produce less 
drag. With these features along 
with a powerful engine, Hughes 
shattered the old speed record by 
flying more than 352 miles per 
hour (570 kilometers per hour). 
Hughes continued working 
on the H-1 to improve its per- 
formance. In 1936, he flew the air- 
plane across the country. Flying from 
Los Angeles to New York, he arrived in 
less than 91, hours—2 hours less than the 
previous record. On that flight, the H-1 
averaged 322 miles an hour (520 kilo- 
meters per hour). In 1937, Hughes 
Shaved a further 2 hours off that speed. 
In 1938, Hughes and a team of four 
pilots attempted a round-the-world 
flight. They modified a twin-engine 
Lockheed 14, stuffing it with extra gas 
tanks, radios, and navigational equip- 
ment. Hughes wanted to prove that safe, 
long-distance flying was possible, and 





A 


©) Howard Hughes set several aviation records 
with his flights in the 1930s. 


he spent $300,000 of his own money to 
do so. 

The trip was so well planned that the 
plane never made any unscheduled 
stops. In the end, the team circled Earth 
in 3 days, 19 hours, and 14 minutes, cut- 
ting the old round-the-world record in 
half. Hughes was hailed as a hero and 
was given a tickertape parade in New 
York City. The following year, he 
received a gold medal for his achieve- 
ment from the U.S. Congress. 
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Innovative Aircraft 

While setting these aviation records, 
Hughes was building a powerful aircraft 
company, Hughes Aircraft, founded in 
1932. When World War II broke out, 
Hughes hoped to produce aircraft for the 
U.S. war effort. Other manufacturers 
won the contracts for this work, howev- 
er, and Hughes only received a contract 
for two experimental planes. 

The experimental aircraft Hughes 
produced were both innovative, but they 
were unsuccessful. The first crashed 
while Hughes was flying it. The second 


ACCIDENT AND INJURIES 


Hughes's first experimental plane, 
the XF-11, nearly killed him. It was 
meant to be a high-altitude spy 
plane that could be used to take 
photographs without being seen by 
enemy radar. Before it was finished, 
World War Il ended. Hughes contin- 
ued working on the plane, however. 
On July 7, 1946, he took it on a test 
flight that developed problems. The 
Blane@mechagmed, destroying “three 
homes in Beverly Hills, California, in 
the process. The crash and resulting 
fire left Hughes with many injuries 
and severe burns. He began taking 
powerful painkillers while recovering 
from these injuries—drugs that led to 
an addiction that plagued him for 
the rest Of AiSalmne: 
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experimental aircraft was a flying boat 
so large that it could carry more than 
700 passengers. The U.S. military hoped 
to use the giant aircraft to carry troops 
across the Atlantic Ocean without wor- 
rying about attacks by German sub- 
marines. Unable to get aluminum need- 
ed to build the plane, Hughes built it of 
wood. That produced the plane’s nick- 
name, the Spruce Goose (although it was 
actually made of birch, not spruce). Its 
official name was the Hughes H-4 
Hercules. The Spruce Goose had a 
wingspan of 320 feet (98 meters), longer 
than a football field. The plane was 
flown only once, on November 2, 1947. 
That day, Hughes piloted it a distance of 
1 mile (1.6 kilometers) in the harbor of 
Long Beach, California. The plane did 
not rise above 80 feet (25 meters). It 
remained in the harbor at the cost of a 
million dollars a year until Hughes’s 
death. The Spruce Goose is now dis- 
played in the Evergreen Aviation 
Museum in McMinnville, Oregon. 


From Manufacturing 

to Airlines 

In spite of these failures, Hughes turned 
his manufacturing company into a lead- 
ing force in the aviation field after 
World War I. One division made 
helicopters. Another eventually made 
satellites. Over the years, the company 
produced more than one-third of all the 
satellites being used by businesses. 
Eventually, the company was broken 
up, and its divisions were sold to other 
corporations. 
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DA 1972 issue of Time magazine 
featured the reclusive Howard Hughes 
on its cover. There were rumors that his 
mind and appearance deteriorated in 

his later years, but there were no photo- 
graphs of him. 


Hughes also became involved 
in the airline industry. In 1939, 
he bought the majority of Trans- 
World Airlines (TWA), which he 
hoped to build into the world’s 
leading airline. As part of that 
effort, he made an agreement 
with Lockheed to build a new 
passenger plane. The result—the 
Constellation—was an innovative 
new plane. 

Hughes’s effort to build the 
airline clashed with the ambi- 
tions of Juan Trippe, the head of 
Pan American World Airways. 
Senator Owen Brewster of 
Maine, an ally of Trippe’s, called Hughes 
to testify before a Senate committee. 
Under harsh criticism, Hughes counter- 
attacked by revealing the senator’s con- 
nections with Pan Am. Hughes was 
never charged with any wrongdoing. He 
later funded the victorious campaign of 
the man who defeated Brewster in his 
bid for reelection. 

Hughes’s troubles with the govern- 
ment did not end, however. Federal 
officials informed him it was a conflict 
of interest for him to own both TWA and 
an aircraft manufacturing company. 
Eventually, Hughes had to sell his inter- 
est in TWA. 





Always shy and eccentric, Hughes 
lived as a recluse from the 1960s on. 
Obsessed with living in a completely 
germ-free environment, he ate almost 
no food, and took many drugs. These 
actions destroyed his health. He died in 
1976—a lonely, often ridiculed, and 
vastly wealthy old man. 


SEE ALSO: 
e Aerospace Manufacturing 
Industry © Aircraft Design 


e Aircraft, Experimental ¢ Satellite 
e Flying Boat and Seaplane 





319 


(c) 2011 M.E. Sharpe, Inc. All Rights Reserved. 


Insect 


nsects are among the animals on 
E which have wings (the others 

are bats and birds). About 400 mil- 
lion years ago, the first animals to fly 
included insects. There are about 1 mil- 
lion species of insects—three times as 
many as all the other animal species in 
the world. The most common features of 
insects are their small size, their crawl- 
ing motion, and their ability to fly. 


Wings and Other Parts 

Insects have small, light bodies. The 
body of an adult insect has three parts: 
the head, the thorax, and the abdomen. 
The thorax is the “engine room” of the 
animal. An insect’s wings are attached 
to the middle and rear segments of the 
thorax. The wings are worked by two 
sets of powerful muscles, which make 
the wings beat up and down and also 
twist. Muscles attached to the base of 
each wing control the direction of flight, 
allowing an insect to change direction, 
fly backward and forward, or hover in 
midair like a helicopter. 

Flies have two wings, fixed to the 
center body section or thorax. Other 
insects have four wings in two pairs. 
Examples of four-winged insects are 
butterflies, moths, dragonflies, bees, and 
wasps. In a four-winged insect, the two 
wings on one side of the body often beat 
together as if they were one wing. In 
some insects, the wings overlap slightly, 
while in others the wings are locked 
together by a system of hooks or hairs. 
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GIANT INSECTS 


Some prehistoric insects were much 
larger than those of today. Fossils 
of these insects preserved in rocks 
Show their wings in detail. There 
were dragonflies darting around 
the lush, warm swamp forests of 
the Carboniferous period (from 360 
million to 290 million years ago) 
that were as big aS modern-day 
pigeons. Their wings measured 2 
feet (0.6 meters) across. Today, the 
insects with the largest wings are 


the Birdwing butterflies. 


©) The Queen Alexandra's Birdwing from 
Papua New Guinea has a wingspan up 
to 11 inches (28 centimeters) across. It 
is the rarest and largest of butterflies. 


Many insects have wings in their 
adult state, although many flying insects 
(dragonflies, for example) are flightless 
as juveniles. The wings of a young insect 
Start to grow as tiny pads, visible only 
through a microscope, or sometimes (as 
in caterpillars), they are inside the body. 
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When the young insect 
molts (sheds its skin as 
it grows larger), the 
wing pads grow. After 
the last molt, the pads 
become fully formed 
wings. This change, or 
metamorphosis, is seen 
to startling effect in 
moths and butterflies. 
The adult emerges from 
the chrysalis with its 
wings damp and still 
folded. As the wings 
dry and are stiffened by 
blood flowing through 
the veins inside them, they unfold and 
often reveal brilliant colors. 

In beetles, the front wings have 
become hard covers called elytra. The 
elytra are folded over the rear wings, 
until the beetle starts to fly. Then they 
swing outward, like airplane wings. The 
rear wings do the actual flying. 

Other insects have no wings at all or 
only weak vestiges (remains) of wings 
that are no use for flying. Most ants, for 
example, are wingless. Only males and 
female queens have wings, which are 
used to fly from the nest during their 
mating flight. The males die after mat- 
ing, and the queens spend the rest of 
their lives underground. 


Learning How Insects Fly 

In 1930, scientists at Göttingen 
University, Germany, tried to figure out 
how a bumblebee could actually fly. 
When they analyzed their studies and 





©) Beetles, such as ladybugs, unfold their elytra 


(front wings) when they are ready to fly. 


calculations, these experts concluded 
that—from a scientific point of view—the 
bumblebee should not actually be capa- 
ble of flight. It was not the right shape. 
More recently, scientists have used robot 
insects to study the mechanics of insect 
flight. They created large-scale model 
insect wings, stuck them in a tank of 
thick oil, and used a motor to beat the 
wings up and down. Flapping slowly in 
the oil, the model wings acted much as 
tiny wings do when they are flapping 
very fast in the air. 

Such experiments have shown that 
an insect can use three kinds of wing 
movements to perform amazing maneu- 
vers. When a fly is trying to dodge a 
predator, such as a human trying to swat 
it, the insect can change direction in 
thirty-thousandths of a second. 
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Three Maneuvers 
The first movement, unique to insects, is 
known as delayed stall, which means 
that the insect wing sweeps forward at a 
high angle. The insect wing cuts through 
the air at a steeper angle than an air- 
plane wing. An airplane at this stage 
would stall, losing lift and increasing 
drag, and it would 
most likely crash. In 
an insect, however, 
the steep angle pro- 
duces a vortex (like a 
whirlpool in the air) 
above the wing, cre- 
ating extra lift. 

The second insect 
technique is rotation- 
al circulation. Toward 
the end of its stroke, 


> A swarm of locusts 
Surrounds a farmer in 
the Philippines. Locusts 
can destroy entire crops 
of rice and sugar. 
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© The mosquito belongs to the same insect family 
as a housefly. Instead of rear wings, mosquitoes and 
flies have two halteres to help them fly. 


the insect wing rotates backward. This 
produces backspin, which in turn pro- 
duces extra lift. 

The third insect trick is wake capture, 
which gains extra lift by recapturing 
energy lost in the wake (the disturbed air 
left behind the flying insect). As the 
wing moves through the air, it creates 
turbulent air behind it. By rotating the 
wing before starting the return stroke, 
the insect captures some of this air, and 
the energy within it, for extra lift. 

Acrobatic insects, such as the hover- 
fly, make use of rotational circulation 
and wake capture but do not often use 
delayed stall. Butterflies do not appear 
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to use any of these three techniques very 
much. They fly more like birds, gliding 
or flapping their wings in a less complex 
fashion. Flies have a pair of special 
balance organs instead of rear wings. 
Called halteres, they are shaped some- 
what like tiny clubs. These organs help 
give flies their remarkable flying skills. 


Speed and Distance 

For their size, many insects fly extreme- 
ly quickly. Most insect flights are short 
hops during food-gathering expeditions. 
Honeybees, for example, buzz from 
flower to flower, using a complex navi- 
gation system to find their way between 
the nest or hive and the flowers. They 
have a system of body language to tell 
other bees where to find the flowers. 
Flying is energetic, and few insects can 
sustain such a high output of energy for 
long. A honeybee usually flies for up to 
15 minutes before it has to feed and 
refuel its muscles. 

A few insects make long migratory 
flights. The North American monarch 
butterfly is a good example. It flies south 
in large groups to escape the northern 
winter, returning the following year. 
Migrating butterflies can fly for 100 
miles (160 kilometers) without stopping 
for food. Another long-distance flier, 
though an unwelcome one, is the desert 
locust of Africa and Asia. A swarm of 
locusts may contain billions of insects. 
Locusts can fly hundreds of miles with- 
out feeding before they finally land and 
ravenously eat every blade of grass or 
clear fields of their crops. 


FAST WINGS 


The fastest flying Insects are dragon- 
flies. Over a short distance, they have 
a top speed of about 60 miles (96 
kilometers) per hour. The fastest 
wing beat ever recorded for an insect 
was that of a tiny midge: nearly 
65,000 beats per minute. Most 
insects are much slower. A housefly 
beats Its wings about 200 times 
every second—a mere 12,000 times a 
minute! Butterflies have the slowest 
wing beats of any Insect, at around 
500 times a minute. 


© Dragonflies beat their wings alter- 
nately: The front pair beats up as the 
rear pair beats down. 


SEE ALSO: 


e Bird è Lift and Drag ° Wing 
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International 
Space Station 


new era in space exploration 
Ave on November 20, 1998, 

when the first module of the 
International Space Station (ISS) was 
launched into space. The space station is 
an orbital science laboratory and 
research facility, circling Earth at a 
height of 200-250 miles (320-400 kilo- 
meters). The ISS makes almost sixteen 
orbits every day—each orbit lasts 91.61 
minutes. The space station’s average 
speed is 17,165 miles per hour (27,620 
kilometers per hour). Since 2000, the ISS 
has been staffed by teams of astronauts. 


The Space Station Concept 
The term “space station” was first used 
in 1923 by German writer Hermann 





Oberth, who foresaw a giant wheel in 
Space from which astronauts might 
travel to the Moon and to the other 
planets. Rocket engineer Wernher von 
Braun described a similar concept in 
1952. Orbital space stations have fea- 
tured in science fiction books and 
movies, such as 2001: A Space Odyssey. 
In many stories, a space station was a 
Spaceport for rockets. These fictional 
Space stations spun like mini-planets, 
with centrifugal force producing artifi- 
cial gravity so that the people inside did 
not float around. 

The world’s first real space station, a 
much smaller structure, was launched in 
1971. This was Salyut 1, launched by the 
Soviet Union. It was followed in 1973 by 
the first U.S. space station, Skylab, 
which was visited by three crews of 
astronauts. The Soviets flew much 
longer missions than the Americans, 
with some cosmonauts 
living in orbit for a 
year or more. In 1986 
the Soviet Union 
launched Mir, a space 
station big enough for 
six people. 

In 1995 the USS. 
Space Shuttle Atlantis 
docked with Mir, the 


G In December 1998, the 
U.S. module Unity (left) was 
attached to the Russian 
module Zarya (right) in the 
first phase of construction 
of the ISS. 
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first time a U.S. spacecraft 
had linked up with the 
Russian space station. The 
modular design of Mir, 
with its solar panel 
“wings” and the docking 
unit used to link with the 
Shuttle, were forerunners 
of systems later developed 
for the International 
Space Station. 


April 19, 2001: 


Getting Together 

In the 1980s, the United 
States, Europe, and the 
Soviet Union all made 
plans to build their own 
space stations. In 1984, 
President Ronald Reagan announced 
that the U.S. space station would be built 
within ten years. President Bill Clinton 
ordered a review of the project in the 
1990s, however, because of rapidly ris- 
ing costs. In the end, the United States 
agreed to share the project with other 
nations, and the International Space 
Station project came into existence. 

In the early twenty-first century, five 
national space agencies are involved in 
the construction and use of the ISS. 
These are the U.S. National Aeronautics 
and Space Administration (NASA); the 


Russian Federal Space Agency 
(Roskosmos); the Japanese Aerospace 
Exploration Agency (JAXA); the 


Canadian Space Agency (CSA); and the 
European Space Agency (ESA). Russia 
had continued the Soviet space program 
when the Soviet Union was dismantled. 


December 4, 1998: 


October 31, 2000: 
February 7, 2001: 


KEY STAGES OF ISS DEVELOPMENT 


November 20, 1998: Zarya contro! module 


launched by Proton rocket. 
Unity module launched by 
Space Shuttle Endeavour. 
First astronauts crew the ISS. 
Destiny laboratory module 
delivered by Space Shuttle At/antis. 
Robotic arm, Canadarm 2 
delivered by Space Shuttle 
Endeavour. 


September 14, 2001: Russian Pirs airlock delivered 


by Soyuz spacecraft. 





Building the ISS 

Construction of the ISS requires a series 
of flights by U.S. Space Shuttles and 
Russian Proton and Soyuz rockets. More 
than forty such flights will have been 
made before the station is finished. 
Construction is scheduled to be complete 
by 2010. When completed, the ISS will 
weigh (in Earth terms) more than 400 
tons (363 metric tons). It will be 243 feet 
(74 meters) long and will have room for 
six people. 

The first two modules of the ISS were 
the Russian Zarya and the U.S. Unity 
module. They were launched and joined 
in 1998, after Space Shuttle Endeavour 
had flown into orbit carrying two pres- 
surized adapters to join the modules. 
Shuttle astronauts captured Zarya and 
docked it with Unity. The union was the 
first stage of building the space station. 
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In July 2000, a Russian Proton rock- 
et launched the Zvezda service module, 
which was docked to the station. Space 
Shuttle missions continued to deliver 
new pieces, including—in October 2000— 
the Z1 Truss. This piece of equipment 
was vital, a large framework for the first 
set of solar panels and batteries that pro- 
vide electrical power to the space sta- 
tion. In December 2000, the first ISS 
crew fitted the giant solar panels that 
stick out from the space station like 
wings. The panels were then connected 
to the station’s power system. 

The construction techniques devel- 
oped for the ISS could be useful when 
future astronauts build a Moon base, 
using similar modules prefabricated on 
Earth and assembled on the Moon. 
Technologies used on the ISS also may 
lead to improved commercial communi- 
cations systems on Earth. 
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©) An artist's image shows what the ISS will look 
like when construction is complete. 


Traveling to the Space Station 
On October 31, 2000, the ISS was ready 
for the arrival of the first astronauts, 
who came in a Russian Soyuz craft. 
Expedition One, the first ISS crew, con- 
sisted of U.S. commander Bill Shepherd 
and two Russian cosmonauts, Yury 
Gidzenko and Sergey Krikalyov. 

The first crew remained in orbit until 
March 2001, when Expedition Two 
arrived in the Space Shuttle Discovery. 
The crews changed places, and the 
Expedition One astronauts made a safe 
return to Earth. The Expedition Two 
crew remained on the space station until 
August 2001. Since then, regular 
exchanges of personnel have been made 
to maintain a constant three-person 
crew at the ISS. 
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An unpiloted Progress spacecraft approaches 
the ISS in January 2007, carrying food, fuel, oxy- 
gen, and other supplies for the ISS crew. Progress 
Spacecraft are destroyed after one mission by 
burning up on reentry into Earth's atmosphere. 


Today, transportation to and from 
Earth is supplied by the U.S. Space 
Shuttle, which will be replaced in the 
future by the Orion space vehicle. A new 
Russian shuttle, a European Automated 
Transfer Vehicle (ATV), and a sim- 
ilar shuttle spacecraft built by 
Japan also will take people and 
Supplies to and from the ISS. In 
addition to the Space Shuttle ISS SECTIONS 
flights needed to transport new 
components, fuel, and astro- 
nauts, unmanned Progress 
spacecraft arrive at regular Name Launch Function 
intervals to bring supplies and Date 
remove waste. Visiting space- Storage. 
craft dock with the ISS, and 
crew members transfer to the 


station through an airlock. Service module contain- 
ing living quarters and 


Between 1998 and 2006, nine sections were 
incorporated into the ISS. 


many systems. 


Life-Support Systems 

Astronauts living on the space 
station depend on the ISS life- 
Support systems. There is no air 
in space and no water. Air and 
water must be transported from 
Earth or made inside the ISS. 
The life-support system pro- 
vides the crew with oxygen and 
absorbs the carbon dioxide gas 
they exhale. The system also 
has to deal with other gases, 
such as ammonia, which are 
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SCIENTIFIC EXPERIMENTS 


During their stay on the ISS, astro- 
nauts carry out various experiments 
designed to study Earth trom space. 
They also test and extend scientific 
and medical knowledge about the 
effects of spaceflight travel on the 
human body, animals, and plants. 
The ISS is a science laboratory in 
orbit, with ongoing experiments in 
astronomy, physics, crystal growing, 
metallurgy, biology, and space 
engineering. Scientists in the space 
Station can do research under the 
microgravity conditions that do not 
exist on Earth. 

A new way to produce oxygen In 
Space could be from plants, which 
release oxygen naturally during their 
food-making process, photosynthe- 
sis. One objective of sending astro- 
nauts to the ISS is to develop "space- 
gardening.” A journey to and from 
Mars would take eighteen months— 
if astronauts are to build bases on 
Mars and stay there for months, they 
will need to make their own air. They 
could grow plants, both for food and 
(tO semeraie Oxygen. Ines |S>, sas 
greenhouses in both the Destiny lab- 
oratory and in the Zvezda service 
module for plant experiments. The 
astronauts keep a record of the 
plants growth and harvest samples 
of their crops to send back to Earth. 





Siven off in small quantities by the 
human body, to prevent these gases 
from building up to unpleasant or dan- 
gerous levels. 

Most of the oxygen inhaled by ISS 
astronauts is made by electrolysis, using 
electricity from the station’s solar pan- 
els. In the process of electrolysis, water 
is split into hydrogen gas and oxygen 
gas. Water is made of these two gases: 
each molecule of water contains two 
hydrogen atoms and one oxygen atom. 
Passing an electrical current through 
water causes these atoms to separate and 
to recombine as hydrogen and oxygen. 


Daily Life 

Food for the astronauts is brought up 
from Earth by visiting spacecraft. Most 
of the food is processed and packaged 
in pouches or cans, and all the astro- 
nauts have to do is heat it in a small 
food warmer or oven. Some food is 
dehydrated, and the crew adds water to 
it before eating. Small amounts of fresh 
food, such as fruit and vegetables, are 
delivered by spacecraft during their rou- 
tine trips. Almost all food is stored at 
room temperature. Although there is a 
small refrigerator, saving electrical 
power is a priority, so refrigeration is a 
luxury in space. 

ISS crew members wear casual 
clothes—often a shirt and shorts or 
pants. They select their clothing before 
launch, and often the clothes are sent up 
to the space station before they arrive 
there. Astronauts sometimes wear cover- 
alls for work. There is no washing 
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© The crew of ISS Expedition Three 
included two Russians and an 
American who spent 128 days in 
2001 manning the space station. 


machine, and so space station 
crews do not change their 
clothes very often. Astronauts 
make their work clothes last, 
on average, ten days between 
changes. Underwear and socks 
are changed every other day. 
Discarded, dirty clothing is 
put in a disposal bag and 
shipped out on the next visit- 
ing Progress spacecraft. When 
the unmanned Progress burns 
up as it reenters Earth’s 
atmosphere, the dirty cloth- 
ing, along with the other 
Space station garbage, burns 
up with it. 

When they are off duty, 
ISS crew can relax and talk to 
family and friends on Earth, 
listen to music, watch movies, 
play games, read, and work 
on keeping fit. The human 
body tends to weaken during 
long space flights in weight- 
less conditions, so exercise is 
a very important part of the 
astronauts’ routine. 

Each crew member is provided with a 
pair of running shoes to wear when 
exercising on the treadmill, and another 
pair of shoes to wear when working out 
on the exercise bike. 








©) Astronaut Mike Fincke conducts an experiment 


in the ISS laboratory. Using the microgravity 
environment, he is testing fluids to learn 

more about their properties. These experiments 
are useful to industries such as manufacturers 
of plastics and pharmaceuticals. 
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SPACE GOLF 


Most of the work done on the space sta- 
tion Is serious science, but In November 
2006 two astronauts—Mikhall Tyurin 
and Mike Lopez-Alegria—finished off a 
5% hour spacewalk with a golf shot. 
Wearing Russian Orion spacesuits, the 
astronauts fixed a tee on a ladder out- 
Side the space station. While Lopez- 
Alegria held his partners feet, the 
Russian played a one-handed golf shot. 
This stunt was paid for by a Canadian 
company In association with the Russian 
Space agency. The ultra-lightweight golf 
ball (less than 100th the weight of a reg- 
ular golf ball) was expected to stay in 
orbit for only a few days. 





G Astronaut James 
Newman holds onto a 
handrail mounted on the 
outside of the ISS during a 
spacewalk. For work outside 
the ISS, astronauts wear 
spacesuits with their own 
life-support systems. 


Using Water 
Personal hygiene is a 
matter of considerable 
interest to everyone on 
board. Water, heavy to 
transport from Earth, is 
precious. For this rea- 
son, all water in space 
is recycled. The space 
station recycling system cleans and 
reuses wastewater from hydrogen fuel 
cells. It also condenses water from 
humidity in the air. The space toilet 
works on a suction system to remove 
waste, and urine is recycled (solid 
waste is stored and removed with the 
garbage). Even animals, such as labo- 
ratory rats taken into space for 
research purposes, help in the recy- 
cling regime: seventy-two rats can 
provide as much recycled water, from 
their urine, as one astronaut! Recycled 
“space water” is cleaner than the 
water coming out of a faucet in the 
United States. 

To reduce waste, water pressure 
onboard the ISS is only half that 
found in a standard bathroom or 
kitchen on Earth. Astronauts wash 
their hands by wetting a washcloth 
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with a spray nozzle, and then using the 
cloth. They normally bathe every day 
after exercising, showering in a special 
economy shower unit. A space station 
shower uses less than 1 gallon (4.5 liters) 
of water, compared with an average of 
11 gallons (50 liters) used by a person 
showering on Earth. 


Sleeping in Space 
The views from space are stunning, but 
astronauts live in cramped accommoda- 
tion. There are two small crew cabins— 
each is only big enough for one person. 
Each cabin contains a sleeping bag and 
has a large window through which the 
occupant can enjoy the view of Earth 
while off duty. In space, there is no up or 
down and no gravity. The weightless 
astronauts on the ISS can sleep right 
way up or upside 
down as they wish. 
Space station crews 
usually bed down 
inside the sleeping 
bag. If all three 
ISS astronauts are 
Sleeping, the third 
member of the crew 
can sleep anywhere, 
as long as the sleep- 
ing bag is fastened 
to the floor or wall 


= Cosmonaut Gennady 
Padalka, commander of 
ISS Expedition Nine, 
juggles with fruit in the 
Zvezda service module. 


of the crew compartment. No one wants 
to float around while they are asleep. 

Astronauts onboard the space station 
get into a routine of an 8-hour sleep 
period at the end of each mission day. 
Some astronauts report difficulty in 
Sleeping, either because of excitement 
during the first days of a mission or due 
to the space sickness that some people 
suffer. As a space vehicle moves in Earth 
orbit, the Sun rises about every 90 min- 
utes! Glaring sunlight shining through a 
window can disturb sleepers unless they 
wear a Sleep mask. 


SEE ALSO: 
e Astronaut ¢ Future of Spaceflight 


e Satellite e Spaceflight 
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Jet and Jet Power 


he concept of jet power has been 
T around for thousands of years. In 

the first century c.E., Hero (also 
known as Heron) of Alexandria, Egypt, 
invented a jet-powered device called the 
aeolipile. It was a hollow metal ball sup- 
ported on a frame. Steam inside the ball 
escaped through two bent pipes. The jets 
of steam rushing out of the pipes made 
the ball spin. 

Today’s jet engines produce power by 
a Similar, simple process of heating gas. 
Fuel burned inside an engine combines 
with oxygen from the air to produce hot 
gas. As the gas heats up, it expands so 
much and so fast that it blasts out of the 
engine as a high-speed jet. 

Jet engines were originally developed 
to produce faster fighter planes. Since 
then, the use of jet power has spread 
to airliners and helicopters and further 
afield—to ships, record-breaking cars, 
and other uses. 


What Is Jet Power? 
Jet power is a kind of power that follows 
Isaac Newton’s third law of motion, 
which says: “To every action, there is 
an equal and opposite reaction.” The 
action and reaction are equal and oppo- 
site forces. The jet of gas rushing out 
of a jet engine pushes against the 
engine, and the engine pushes back 
against the gas. They push each other in 
opposite directions. 

The easiest way to see this in action 
is to blow up a balloon and then let it 


OCEAN JETS 


The animal world used jet power 
long before humans discovered it. 
Squid, octopus, and cuttlefish are 
among marine creatures that use jet 
propulsion. They suck In water and 
then blow It out In a fast jet to pro- 
pel themselves through the water. 
Squid have been recorded jetting 
through the water at up to 25 miles 
per hour (40 kilometers per hour). 
The scallop shellfish uses jet propul- 
sion to escape from danger. It quick- 
ly snaps the two halves of its shell 


together, squirting out water in the 
process. The squirt produces a jet, 
enabling the scallop to scoot out of 
harm's way. 


©) An octopus uses jet propulsion to 
travel fast through water. 





go. High-pressure air trapped inside the 
balloon rushes out. The balloon and the 
jet of air push against each other, and 
they fly apart. 
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Turbine Engines 

Jet thrust is only one way of using jet 
power. The turbofans that power jet 
planes use a jet of gas from the engine 
to spin a large fan at the front of each 
engine. Turboprop engines use a jet to 
spin a propeller. The engines that power 
most helicopters today use the jet of gas 
from their engines to turn the aircraft’s 
rotors. All of these engines are known as 
gas turbines, or turbine engines. 

In the 1930s and 1940s, turbine 
engines for aircraft were developed by 
two men working separately: Frank 
Whittle in England and Hans von Ohain 
in Germany. The introduction of jet 
power produced a sudden leap in aircraft 
speeds. The first jet fighters built in the 
1940s were 100 to 200 miles per hour 
(160-320 kilometers per hour) faster 
than piston-engine fighters of the 
period. They triggered a race among 
nations to develop faster and faster mil- 
itary jet planes. 


GA large jet 
engine is opened up 
for maintenance. 


Commercial 
Jet Airplanes 
The development 
of military jets led 
to new engines 
for airliners. The 
first jetliners were 
introduced in the 
1950s. They were 
used mostly on 
long-distance air 
routes across oceans and continents. 
Their great power enabled jetliners to fly 
nearly twice as high as the older piston- 
engine planes. Flying above the worst of 
the weather, the jetliners gave passen- 
gers a smoother flight. They also were 
almost twice as fast as the older air- 
planes, so journey times were halved. In 
later years, smaller jet planes were 
developed for shorter routes. 

Modern jet engines are amazingly 
powerful. The most powerful is the 
General Electric GE90-115B, developed 
for the Boeing 777 airliner. This engine 
produces as much power as ten of the 
engines that powered the first U.S. jet- 
liner, the Boeing 707. 

Jet power does not always require 
enormous engines. At the opposite end 
of the size scale, there are miniature 
jet engines that are small enough to sit 
in someone’s hand. Tiny jets like these 
are powerful enough to propel radio- 
controlled model aircraft. 
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Jets in Space 

Jet engines do not work in space 
because they need oxygen in the atmos- 
phere to burn their fuel, and there is no 
atmosphere in space. Jet power is used 


THE EKRANOPLAN 


One of the strangest uses of jet power In 
a flying machine is the ekranoplan, an 
aircraft designed to skim the surface of 
the water. When it accelerates and takes 
om, itis helia up by a CUSNION Olam 
trapped underneath its short wings. 
These craft are known by a variety of 
names, including ground effect vehicles, 
wing In ground effect craft, wingships, 
and aerodynamic ground effect craft. 
In Russia, where they were developed 
(when Russia was part of the former 
Soviet Union), the planes are known 
as ekranoplans. 

The biggest ekranoplan was the KM 
of the 1960s, nicknamed the Caspian 
Sea Monster. It was up to 350 feet (107 
meters) long, with a wingspan of up to 
130 feet (40 meters), and it weighed up 
to 595 tons (540 metric tons). The 
Caspian Sea Monster traveled at 250 
miles per hour (402 kilometers per hour) 
just a few feet above the water. It was 
powered by a total of ten jet engines— 
there were eight on top of the nose and 
two at the tail. The Caspian Sea Monster 
made its last flight in 1980, when It 
Suffered a crash. 





in space in the form of rockets, which 

propel spacecraft by using jet thrust. 

Rockets carry the oxygen needed to burn 

their fuel. The fuel and oxygen—or a 

chemical containing oxygen—are mixed 

and burned, producing lots of hot gas. 
The gas rushes out of the rocket’s noz- 
zle as a fast jet, thrusting the rocket in 
the opposite direction. 

Rocket-powered fighter planes 
were built in the 1940s, but they 
proved unpopular because of their 
short range and explosive fuel. Today, 
rockets are mainly used for launching 
spacecraft and missiles. 

There are other ways of using jet 
power in space. Ed White made the 
first spacewalk by a U.S. astronaut 
during the Gemini 4 mission of 1965. 
He carried a gas gun called a handheld 
maneuvering unit (HHMU). As he 
floated in space, tied safely to the 
spacecraft by a tether, White squeezed 
the trigger to make gas squirt out of 
the gun. These tiny jets of gas were 
powerful enough to move him around. 
White found that he was able to 
maneuver easily with the gun, 
although it ran out of gas quickly. A 
similar device was tested during later 
Gemini missions. This time, the gun 
was supplied with gas by a hose from 
the spacecraft, so it worked longer. 


MMUs and SAFER 

The simple HHMU gas guns led to the 
bigger maneuvering units worn by 
astronauts in later years. One of these 
was NASA’s manned maneuvering 
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unit (MMU). The unit clipped onto the 
back of an astronaut’s spacesuit. The 
MMU enabled the astronaut to fly freely 
in space, without a tether, like a one- 
person spacecraft. 

The MMU was propelled by puffs of 
nitrogen gas from twenty-four thrusters 
pointing in different directions. It was 
flown by means of two hand controllers. 
The controller in the astronaut’s right 
hand was used for pitch, roll, and yaw 
motions. The left controller moved the 
astronaut in a straight line forward and 
back, up, and down, or left and right. 
The MMU also could fire jets to keep the 
astronaut in the same position. 


©) The SAFER unit was used for the first time by 
Carl Meade (left) and Mark Lee when they exited 
the Space Shuttle Discovery in 1994. 


MMUs were used by Space Shuttle 
astronauts between 1984 and 1986. 
Cosmonauts at the Russian Mir space 
Station tested a similar jetpack for per- 
forming extra-vehicular activity (EVA). 

After the MMU, NASA developed 
a much simpler space maneuvering 
unit. Astronauts working outside the 
Space Shuttle or the International Space 
Station wear a device called the 
simplified aid for EVA rescue, or 
SAFER. Tested in space for the first time 
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propulsion. The SAFER is much smaller 
than the MMU and it holds less gas, so it 
is intended for emergency use only. 


in 1994, the unit fits around an astro- 
naut’s life-support backpack. Like the 
MMU, the SAFER uses nitrogen gas for 


A 





PERSONAL JETPACKS 


Personal jetpacks have become a reality 
in space. On Earth, a successful jetpack 
has proved harder to achieve, although 
the devices have featured in lots of sci- 
ence fiction stories. In stories set in the 
future, a character straps a jetpack on his 
back, fires up the engine, and takes off. 
A few personal jetoacks have been 
built and used in real life. The 1984 
Summer Olympic Games in Los Angeles, 
California, began with a pilot wearing a 
real jetpack flying into the stadium. 
Most of the personal jetpacks devel- 
oped so far, however, are not powered by 
jet engines. Their jet thrust is supplied by 
a small, powerful rocket. These devices 
also are known as rocket belts, or rocket 
packs. When the wearer wants to take 
off, a liquid called hydrogen peroxide is 
forced from tanks in the backpack into a 
reaction chamber. Hydrogen peroxide Is 
similar to water, but It contains extra 





©) Wendell Moore, inventor of the Bell 
Aerospace Rocketbelt, filed this patent 
sketch for his personal propulsion unit in 
1960. The Rocketbelt is still used today 
at public events. 


oxygen. Inside the reaction chamber, a chemical reaction changes the hydrogen per- 
oxide into steam at a temperature of 1370°F (743°C). The steam jets out of two pipes 
that point downward, pushing the flier up off the ground. The jetpack is steered by 


means of tilting the jet pipes. 


Even the most advanced model built so far can be flown for no more than about 
30 seconds. Jetoacks powered by jet engines can make longer flights, but they are far 
more complicated to build and much more expensive. 
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©) Thrust SSC broke the land speed record in 
this burst of speed across the desert in Black 
Rock, Nevada, in October 1997. 


The astronauts also are anchored to the 
spacecraft by their boots or with a line. 


Other Uses for Jet Power 
Aircraft and spacecraft are not the only 
vehicles that make use of jet power. 
Some battle tanks and fast warships are 
propelled by gas turbines. It is not the 
jet thrust of the engine that propels 
these vehicles, however. The Abrams 
tank’s gas turbine engine drives its 
tracks. A warship’s gas turbine drives 
its propellers. 

Other vehicles do use jet thrust to 
accelerate to very high speeds. The 
fastest cars in the world are powered by 
thrust. The problems designers face in 


creating thrust-powered cars are similar 
to those faced by aircraft designers. The 
Shape of the car is very important, 
because drag must be cut to a minimum. 

The world’s fastest car has traveled 
faster than the speed of sound. On 
October 15, 1997, Thrust SSC, driven by 
British fighter pilot Andy Green, set a 
land speed record of 763 miles per hour 
(1,228 kilometers per hour) in the Black 
Rock Desert, Nevada. It was powered by 
two Rolls-Royce Spey fighter engines, 
which, together, were more powerful 
than 150 Indy racecars. 


SEE ALSO: 


e Engine è Force ¢ Laws of 


Motion ©% Rocket ®© Whittle, Frank 
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Kennedy 
Space Center 


he John F. Kennedy Space Center 

on Merritt Island in Florida is 

the spaceport of the National 
Aeronautics and Space Administration 
(NASA). The center has been the hub of 
U.S. space exploration since the 1960s. 
From the space center, NASA launched 
some of the most historic missions of the 
Space age. Today, the Kennedy Space 
Center is the base for Space Shuttle 
missions and is also home to the 


Constellation Program—a plan to build a 
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new generation of spacecraft to take 
astronauts to the Moon and Mars. 


Background of the 

Space Center 

After World War II, U.S. scientists began 
rocket experiments at the White Sands 
military facility in New Mexico. As the 
United States developed its missile 
program, a new launch site was needed. 
In 1949, President Harry S. Truman 


€) An aerial view of the Kennedy Space Center 
shows Launch Complex 39 in the foreground with 
the crawlerway leading to launch pads 39A and 
39B in the background. 
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authorized a firing range at 
Cape Canaveral in Florida. 
The area was thinly populat- 
ed and therefore an ideal site 
for testing secret and some- 
times unpredictable rockets. 
Cape Canaveral also offered a 
fine, clear climate and access 
to thousands of square miles 
of the Atlantic Ocean. 

Cape Canaveral attracted 
more media and popular 
interest after the United 
States launched its first satel- 
lites, Vanguard and Explorer, 
in 1957 and 1958. Despite 
these successes, U.S. public 
opinion was critical because 
the Soviet Union had taken 
the lead in the “space race.” 
The demand for more action 
led to the formation of NASA 
in October 1958, and Cape 
Canaveral became a major launch base 
for NASA as well as for the U.S. military. 


The United States in Space 

U.S. space exploration opened a new 
chapter in May 1961, when President 
John F. Kennedy announced the United 
States would send astronauts to the 
Moon before the end of the 1960s. On 
July 1, 1962, Cape Canaveral became 
NASA’s new Launch Operations Center. 
The first director of the center was Dr. 
Kurt H. Debus, a rocket scientist. The 
Launch Operations Center was renamed 
the John F. Kennedy Space Center in 
December 1963, a month after the pres- 
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©) NASA workers in the firing room monitor 
the launch of Space Shuttle mission STS-31. The 
blastoff is visible (top left) through the window. 


ident’s assassination. (Cape Canaveral 
was renamed Cape Kennedy that year, 
but it reverted to its old name in 1973.) 

The Apollo Program was now under- 
way. SO vast was this project, and so big 
was the three-stage rocket planned to 
launch Apollo spacecraft to the Moon, 
that NASA decided to build a larger 
launch facility. Several sites—including 
ones in Hawaii, Texas, California, and 
the Caribbean—were considered before 
NASA and the Department of Defense 
chose Merritt Island, west of Cape 
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THE VEHICLE ASSEMBLY 
BUILDING 


The Vehicle Assembly Building (VAB) is 
located at the north tip of Merritt Island. 
Construction began in November 1962 
and was completed in June 1965. One 
of the largest buildings ever construct- 
ed, the building encloses 130 million 
cubic feet (3.6 million cubic meters) of 
Pae e coers an arca of Swer esuo 
hectares). More than 98,000 tons 
(88,900 metric tons) of steel were used 
to build the Vehicle Assembly Building, 


and the designers drawings and plans 
Mic@eahpenune rallroaa car! Inersoxtike 


Structure Is strong enough to withstand 
hurricane winds. The fifty-two-story 
building was built to house up to four 
Saturn 5 rockets, each towering 363 feet 
(111 meters) high. Huge, movable plat- 
forms for assembling and transporting 
the rockets to the launch pad were con- 
Structed. The structure in which techni- 
Clans made the final preparations was 
itself forty-five stories high. The VAB is 
now used for the Space Shuttle and will 
be used as the assembly site for space- 
craft in the Constellation Program. 


Canaveral across the Banana River. A 
key advantage was that the new site 
could easily share facilities with the mil- 
itary facility at the Cape. 

The space center moved to Merritt 
Island in 1964. In preparation for the 
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Apollo Moon missions, a huge con- 
struction program was undertaken 
with the help of the U.S. Army Corps 
of Engineers. A new launch center, 
named Launch Complex 39 (LC-39), 
included the vast Vehicle Assembly 
Building (VAB). 

With the Mercury and Gemini 
spaceflights of the 1960s, interest in 
spaceflight grew. Each blastoff attract- 
ed excited media coverage. Kennedy 
Space Center became the center of 
world attention in 1969, when the 
Apollo 11 mission blasted off from 
LC-39 for its historic trip to the Moon, 
honoring President Kennedy’s pledge. 


Kennedy Space Center Today 
Today, the Kennedy Space Center is 
home to NASA’s Launch Services 
Program. The objectives of this pro- 
gram include sending robot space 
probes out across the solar system. 
These missions have included the Mars 
Exploration Rovers, the Huygens/ 
Cassini mission to Saturn, sending 
Deep Impact to Comet Tempel 1, and 
the launch of Solar and Heliospheric 
Observatory (SOHO), which studied the 
Sun. In addition, astronauts train at 
the space center in preparation for 
future missions. 

Space Shuttle flights have been at 
the heart of the Kennedy Space Center’s 
activities since the first Shuttle, 
Columbia, was delivered to the spaceport 
in March 1979. The Kennedy Space 
Center is where each Space Shuttle 
mission begins. Technicians at the VAB 
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KENNEDY SPACE CENTER 


prepare each shuttle spacecraft for its 
next flight, bringing together compo- 
nents of the spacecraft and scientific 
apparatus from across the nation and 
from abroad. Space Shuttles are differ- 
ent in shape from rockets, so the north 
door of the huge assembly building had 
to be widened by 40 feet (12 meters) to 
allow the spacecraft, with its 78-foot 
(24-meter) wingspan, to pass through it. 
A huge crawler tractor transports the 
Space Shuttle to a launch pad. Two 
launch pads at LC-39, 39A and 39B, are 
used for Space Shuttle launches. 

The Kennedy Space Center is the pre- 
ferred landing site for the Space 
Shuttle when it returns from space. It 
has one of the world’s largest airstrips, 
with a runway 15,000 feet (4,600 
meters) long. Facilities at Kennedy 
include the Orbiter Processing Facility, 
where Space Shuttles are serviced after 
landing and their payloads removed. 

The space center also has facilities 
that recycle the Space Shuttle’s solid- 
fuel rocket boosters and parachutes. The 
descent parachutes, which return spent 
boosters into the Atlantic Ocean after a 
Space Shuttle takeoff, are collected, 
washed, dried, and prepared for their 
next mission. 

LC-39 is the only active launch cen- 
ter at the Space Center, but other 
launches take place from the neighbor- 
ing Cape Canaveral Air Force Station. 
The John F. Kennedy Space Center is like 
a small city, with more than 10,000 
employees. Cape Canaveral has become 
a popular visitor attraction, and every 


year many families tour the Space 
Center and the Astronaut Hall of Fame. 
As well as seeing spacecraft and launch 
facilities, visitors can enjoy IMAX space 
movies and interactive flight simulators 
that bring alive the space age. 





© The doors of the huge Vehicle Assembly 
Building were widened to allow for rollout of 
the Space Shuttle and its rockets. 


SEE ALSO: 
e Apollo Program ¢ NASA e Satellite 


e Space Race @ Space Shuttle 
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Kite 


kite is a lightweight, wing-like 
A n It is usually flown at the 

end of a long string held by a 
person on the ground. A kite is support- 
ed by the wind which pushes against its 
surface to provide lift. Stunt kites can fly 
turns, loops, and other acrobatic maneu- 
vers. There are various shapes and sizes 
of kites, from toy kites flown by children 
to kites big enough to lift a person. 

The Chinese were flying kites at least 
2,000 years ago and maybe even 
as long ago as 1000 B.C.E. In 1295, 
Marco Polo (1254-1324), the first 


European explorer known to visit China, 
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reported man-lifting kites there. Box 
kites were used in experiments by early 
aviation pioneers. Samuel Cody flew 
man-lifting kites in the 1890s, and such 
kites were used for observation over the 
battlefields of World War I (1914-1918). 
The Wright brothers also flew kites to 
test their ideas about airplanes. 


Types of Kites 
There are several designs of kites. A tra- 
ditional plane surface, or flat kite, can be 
made from a long stick with a shorter 
stick fixed crosswise at a point just 
above the middle. The cross-shaped 
frame is covered with paper, plastic, or 
fabric. A flat kite requires a tail for sta- 
bility and balance. One end of the long 
flying line, wound around a reel or hold- 
er, is fastened to a bridle, which is made 
from two or more lengths of string tied 
firmly to the kite frame. A flat kite is 
best launched into the wind; the person 
flying the kite unwinds the line and 
draws it taut before another person toss- 
es the kite into the air. With a few tugs 
on the line, the kite should soar upward. 
The delta kite is a triangle shape that 
has a fabric keel instead of a string bri- 
dle. Delta kites are good stunt fliers. The 
bow kite is like a plane or flat kite, but 
has a curved underside, since the cross- 
stick is bent like an archery bow. A typ- 
ical bow kite is the diamond-shaped 
Eddy kite, named for William A. Eddy, 


G Kite flying is an important and symbolic 
tradition in Asia, where beautiful kites have been 
made for centuries. 
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BENJAMIN FRANKLIN'S KITE 


One of the most famous and danger- 
ous kite flignts was made by American 
inventor and statesman Benjamin 
Franklin in 1752. He flew a kite during 
a thunderstorm, having attached a 
metal key to the line. Franklin's inten- 
tion was to demonstrate that light- 
ning is a form of electricity. When 
lightning struck a metal wire on the 
kite, a charge of electricity flashed 
down the wet line, and Franklin saw a 
Spark from the key. The experiment 
had worked, but It was very danger- 
ous, and Franklin was lucky to have 
escaped with his life. 





who patented it in 1891. The box kite, 
invented in 1893 by Lawrence 
Hargrave from Australia, can be rec- 
tangular, triangular, or even six- 
sided. The parafoil kite, invented by 
Dominic C. Jalbert in 1963, has a 
parachute-like fabric structure and no 
rigid frame—it takes shape when it is 
filled with wind. 

Kite flying is a popular pastime all 
over the world. In Afghanistan, 
China, and Japan, kite festivals 
attract large crowds to watch colorful 
kites in the shapes of birds, butter- 
flies, dragons, and fish. Musical kites, 
with reeds or vibrating strings, make 
whistling or wailing notes in the 
wind. 


KITE 





©) Over the years, aS aerodynamic understanding 
has increased, kites have developed different shapes 
and designs. 


SEE ALSO: 
e Hang Glider è Microlight © Wright, 


Orville and Wilbur 
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Kitty Hawk Flyer 


Type: Experimental powered glider. 
Manufacturers: Orville and Wilour Wright. 
First flight: December 17, 1903. 

Use: Powered and sustained flight 
carrying a pilot. 


he Kitty Hawk Flyer was an air- 
T craft that made history. It was the 

first airplane to make a controlled, 
powered flight carrying a human pas- 
senger. The Flyer was built by two 
brothers, Orville and Wilbur Wright, and 
took to the air on December 17, 1903, 
from sand hills at Kitty Hawk in 
North Carolina. 


From Toys to Gliders 

Wilbur Wright was born April 16, 1867; 
Orville on August 19, 1871. As children, 
the brothers played with a toy helicopter 
that was driven by a twisted rubber 
band. Rubber-powered flying machines, 
invented in the 1870s by Frenchman 


Alphonse Penaud, were popular toys. 
Such toys also helped inspire young 
inventors, including the Wright brothers. 
The young Wrights went into business, 
first as printers and then as bicycle 
makers. In their spare time, they built 
and flew kites. They became interested 
in the possibilities of human flight after 
reading about the pioneering experi- 
ments of Otto Lilienthal in Germany and 
Octave Chanute in the United States. 
Lilienthal was killed in 1896 when 
his glider flipped over in midair. This 
accident convinced the Wright brothers 
that Lilienthal’s gliders did not have the 
right wings or control surfaces for safe, 
manned flight. They tested different 
wing shapes in a wind tunnel they built 
themselves. Then the Wrights brought 
their gliders from their home in Dayton, 
Ohio, to Kitty Hawk, North Carolina. Kill 
Devil Hill, a large sand mound at Kitty 


€) Wilbur Wright lies prone in the Flyer after his 
failed flight on December 14, 1903. 
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©) With Orville Wright at the controls, the Flyer 
took off from the ground on December 17, 1903. 
Wilbur Wright, running alongside, had just let go of 
the wing when this historic photograph was taken. 


Hawk, was a good place for test flights 
with few inquisitive spectators. 

From 1900 to 1902, the Wrights flew 
three large gliders that carried a person. 
Flying the gliders, the brothers learned 
how to control the flimsy craft, using a 
system of “wing-warping” (altering the 
angle of the tips of the wings) to control 
the balance of the airplane. In the 
modern airplane, ailerons and elevators 
are used for this purpose, but the 
Wrights had to learn by experimenting 
to overcome the stability problems that 
had cost Lilienthal his life. In their wing- 
warping system, wires were attached to 
the wingtips and fastened to the pilot’s 
hips. By shifting his body position, the 
pilot could twist (warp) the tip of the 
wing to maintain control of the airplane. 
This method seemed to work in a glider, 
but would it work in a flying machine 
powered by an engine? 


Building the Flyer 
An airplane engine had to be small 
and light. No vehicle engine of the 
time was suitable, and so the only 
option for the Wright brothers was to 
build their own. They built a gasoline 
engine with a power output of 12 horse- 
power (9 kilowatts). The brothers fitted 
the engine into a flimsy-looking air- 
plane, much like the gliders they had 
already flown but with two propellers. 
They optimistically named their new 
machine the Flyer. 

The Wright Flyer was a biplane with 
a total wing area of 510 square feet 


FLYER FACTS 
Wingspan: 40.3 feet (12.3 meters). 


Length: 21 feet (6.4 meters). 
Loaded weight: About 750 pounds 
(340 kilograms). 

Power: One four-cylinder, water- 
cooled gasoline engine. 
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KITTY HAWK FLYER 


(47.5 square meters). The wings consist- 
ed of wood frames covered with cloth. 
The aircraft’s little gasoline engine was 
linked by chains to two wooden pro- 
pellers, each 8.5 feet (2.6 meters) in 
diameter. One chain was crossed over so 
that the propeller it drove rotated in the 
opposite direction to the other. These 
contra-rotating propellers helped bal- 
ance the airplane. 

The Flyer looked strange compared 
with most later airplanes. Its “tail” was 
at the front, and the propellers faced 
backward, as “pushers.” Very little was 
known about designing airplane pro- 
pellers, and the Wrights (who made their 
own propellers from wood) had to 
experiment to see which kind worked 
best. Aviation pioneers copied the 
screws used on steamships or the sails 
fitted to windmills, but neither was ideal 
for an airplane propeller. 

To launch the airplane, the Wrights 
laid down a wooden rail 60 feet (18.3 
meters) long. The airplane sat on a 
dolly—a small cart with two bicycle hubs 
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for wheels—that ran along the rail. The 
idea was that, as the engine pushed it 
along, the Flyer would lift off the dolly 
into the air and fly. 


First Flight 

By late 1903 the Wright brothers were 
ready to try out their invention. On 
December 14, 1903, Wilbur got ready for 
the first takeoff. The pilot did not have a 
seat—he lay stretched out on his front, 
slightly to the left of center. The engine 
started, the propellers whirled, but the 
Flyer refused to lift off the rail. 

On December 17, they tried again, 
this time with Orville as the pilot. It was 
a cold, windy day. At 10:30 A.M., Orville 
released the wire that held the Flyer to 
the launch rail, while Wilbur held the 
right wing steady. The engine hummed, 
the propellers whirred once again, and 
the Flyer rolled slowly along the launch 
rail and then lifted into the air. At a 
height of only 10 feet (3 meters) or so, it 
flew for about 88 feet (27 meters) before 
swooping back to land safely. Five peo- 
ple witnessed the historic flight 
from a lifeboat station nearby. 

The Flyer made three more 
flights that day. On the last 
flight, Wilbur flew for 853 feet 
(260 meters). Their longest 
flight that day lasted just under 
a minute. It was difficult to 


GA replica of the first Flyer is on 
display at Kitty Hawk, North Carolina, 
in the Wright Brothers National 
Memorial visitor center. 
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KITTY HAWK FLYER 


= The Wright Brothers Memorial Tower was 
complete in 1932. It stands at Kitty Hawk on 
top of Kill Devil Hill. The inscription at its base 
reads: “In commemoration of the conquest of 
the air by the brothers Wilbur and Orville 
Wright—conceived by genius—achieved by 
dauntless resolution and unconquerable faith." 


estimate speed, but the Flyer probably 
reached about 30 miles per hour (48 
kilometers per hour). The Wrights sent a 
message home, packed up their airplane, 
and went off for dinner. 


Flyer III 

Because the Wrights had conducted their 
experiments away from spectators, their 
first flight did not create an immediate 
sensation. The world learned of the 
breakthrough, however, because the 
brothers built Flyer IJ and then the 
improved Flyer III, which they regarded 
as the first practical powered airplane. 

Flyer IIT had a wingspan similar to 
the Flyer, but it was slightly longer and 
had a more powerful engine. Flyer III 
made its first flight on June 23, 1905. 
Between that date and October 16, 1905, 
the Wrights made nearly fifty flights, 
some lasting more than 30 minutes. 
They demonstrated that their airplane 
could turn, bank, and fly a figure eight 
pattern with perfect ease. On October 5, 
1905, Flyer III flew for 24.2 miles (38.9 
kilometers) in 38 minutes. 

The brothers were ready to offer their 
machine for sale, with flying lessons. 
Wilbur Wright went to France to give 
demonstrations of flying, while Orville 
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continued to display the plane in the 
United States. In September 1908, 
Orville Wright completed fifty-seven cir- 
cuits of the drill field at Fort Myer, 
Virginia, managing to stay in the air for 
over an hour. 

The original Flyer of 1903 was pre- 
sented to London’s Science Museum by 
Orville Wright in 1928, but it was 
returned to the United States in 1948. It 
is now in the National Air and Space 
Museum in Washington, D.C. 


SEE ALSO: 


e Aerodynamics ® Aeronautics 
e Biplane e Glider e Lilienthal, 


Otto © Propeller e Wind Tunnel 
e Wright, Orville and Wilbur 
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p ^or takeoff and landing—and for 

=q taxiing around the airfield—air- 
Æ planes need landing gear. Usually, 
landing gear consists of a set of wheels 
attached to struts that absorb the impact 
of landing. Some airplanes have skis for 
landing on snow or floats for landing on 
water. Helicopters have skids or (for 
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water landings) pontoons. Another 
name for an aircrafts landing gear is 
the undercarriage. 

Pioneer aviators used wheels, like 
automobile wheels, that created drag 
(air resistance) in flight. One way to 
reduce drag was to enclose the wheels in 
a streamlined shape. A better way to 
reduce drag —and thus boost lift—was to 
make landing gear retractable. To 
achieve this, a mechanism was 
added to raise the wheels out of 
the way after takeoff and lower 
them for landing. The machin- 
ery added weight, however, and 
so the extra speed came at a 
cost. At speeds of around 200 
miles per hour (about 320 kilo- 
meters per hour), the advan- 
tages of retractable gear were 
not that great. Retractable gear 
was introduced on 1930s planes 
such as Boeing’s Monomail 
(1930), but many smaller planes 
kept fixed landing gear, which 
was cheaper, lighter, and reli- 
able. By the 1940s most military 
airplanes and passenger planes 
had fully retractable landing 
gear. The faster the airplanes 
flew, the more useful retractable 
Sear became. 

Conventional “tail-dragging” 
landing gear has three wheels. 
Two wheels, or sets of wheels, 


G A close-up view of a landing gear 
bay during inspection shows how large 
some landing gear can be. 
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LANDING GEAR 


are positioned just in front of the air- 
plane’s center of gravity, usually under 
the wings, with a smaller wheel fixed 
beneath the tail. On the ground, the air- 
plane sits with its nose angled upward, 
resting on its tail wheel. 

An airplane with “tricycle” landing 
gear also has three sets of wheels, but 
they are arranged differently. Two 
wheels—or up to twenty sets of wheels— 
are located between the center and rear 
of the aircraft, and a third wheel, or set 
of wheels, is beneath the nose. Tricycle 
landing gear keeps the plane horizontal 
on the ground, giving the pilot a better 
view. An aircraft with tricycle gear is 
also less likely to tip forward onto its 
nose when landing. An additional tail 
wheel or skid may be added to prevent 
damage to the tail during takeoff. 

Tandem gear is used on heavy air- 
planes, such as the B-52. This bomber 
airplane has two sets of wheels, one 
behind the other. This tandem arrange- 
ment leaves the wings more flexible. 
To prevent damage to its long wings, the 
B-52 has a small, stabilizing wheel 
under each wing tip. 

Mechanisms to operate the wheels 
include electric and hydraulic systems. 
Landing an airliner at over 100 miles 
per hour (160 kilometers per hour) puts 
a huge strain on the landing gear and on 
the wheels, which start spinning before 
touchdown. The struts that hold the 
Wheels have very effective shock 
absorbers—hydraulic cylinders filled 
with oil and air—to absorb the impact 
of landing. 


LANDING ON AN 
AIRCRAFT CARRIER 


Airplanes such as the Hornet, 
designed for landing on the short 
runways of aircraft carriers, have tall 
hooks to slow them down. As they 
land, the tail hook catches one of 
several cables stretched across the 
deck. The cable acts like an extra 
brake to help stop the plane. 


©) Tricycle landing gear and tail hooks 
can be seen on these F/A-18C Hornet air- 
craft used by the U.S. Navy's Blue Angels 
team as they approach for a landing. 





Landing gear takes up considerable 
Space inside an aircraft. Some cargo 
planes, such the C-5 transport, have 
their landing gear installed in bulges on 
the outside of the fuselage, keeping the 
interior space free for freight. 


SEE ALSO: 


e Aerodynamics ¢ Aircraft Carrier 
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Laws of Motion 


he great English scientist Sir Isaac 
| ieron (1642-1727) studied the 
way objects move when forces act 
on them. His work resulted in three laws 
of motion that scientists still use today. 
On July 5, 1687, three volumes of 
work by Sir Isaac Newton were pub- 
lished. The three books were written in 
Latin, the language of science at that 
time. Their title is Philosophiae Naturalis 
Principia Mathematica, which means 
Mathematical Principles of Natural 
Philosophy. Natural philosophy was the 
name in Newton’s time for the science 
we call physics today. This work is so 
famous that it is usually simply called 
the Principia (the Principles). 
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©) Newton's own copy of the Principia, first 
published in 1687, shows his handwritten 
corrections to the title page. 
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The three volumes contain details of 
Newton’s three laws of motion and his 
law of gravitation. These laws explained 
and described how all sorts of objects 
move, even planets. Today, more than 
300 years later, Newton’s laws of motion 
can be used to calculate how aircraft 
and spacecraft move. 


First Law 
Newton’s first law of motion says that 
an object at rest stays at rest, and a 
moving object moves at a steady speed 
in a straight line, unless it is acted upon 
by a force. This is another way of saying 
that an object does not start moving (or 
does not change the way it moves) all by 
itself. If it does start to accelerate, a 
force must be acting on it. To scientists, 
the word accelerate does not 
just mean speed up. It can 
mean to go faster or slower or 
to change direction. 

An example of Newton’s 
first law is when an. air- 
crafts engine power is 

increased and the extra 
thrust makes the aircraft 
accelerate. When a rocket 
engine fires and a rocket 
rises off the launch pad, 
this is Newton’s first 
law in action as well. 
The tendency of an 
object to stay as it is (at rest 
or moving steadily) unless a force acts 
on it is known as inertia. Newton’s first 
law of motion is sometimes called the 
law of inertia. Inertia increases with 
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LAWS OF MOTION 


€) Newton's first law of motion: Objects at rest 
will stay at rest and objects in motion will stay in 
motion in a straight line unless acted upon by an 


unbalanced force. 





mass. This means that the more mass an 
object has, the greater the force that is 
needed to start it moving or stop it again. 


Second Law 

The second of Newton’s laws explains 
how the motion of an object changes 
when a force acts on it. It says that the 
rate of change of an object’s momentum 
(which is its mass multiplied by its 
velocity) depends on the size of the force 
acting on the object. 

If a force acts on a mass for a period 
of time, it produces a change in veloci- 
ty. A change in velocity is the same as 
acceleration. Newton’s second law can 
be written as: Force = mass x accelera- 
tion. The bigger the force acting on an 
object, the faster it accelerates. 


The connection between force and 
acceleration works in either direction. 
Force produces acceleration, and accel- 
eration produces force. The thrust of an 
airliner’s engines makes the plane accel- 
erate along a runway for takeoff. This is 
an example of force producing accelera- 
tion. Inside the airplane, the passengers 
feel themselves being pushed back in 
their seats. This is an example of accel- 
eration producing force. 

Usually, more than one force acts on 
an object. When two or more forces act 


> 
h 


Heavier car, smaller engine 








Lighter car, smaller engine 


Heavier car, larger engine 


Lighter car, larger engine 


©) Newton's second law of motion: When 
different forces act upon the same mass, more 
force produces more acceleration. When the 
same force acts upon different masses, the 
greater mass accelerates less. So the racecar 
with the larger engine (more force) will acceler- 
ate faster than the same racecar with a smaller 
engine. But the lighter racecar will accelerate 
faster than the heavier racecar (more mass) 
with the same size engine. 
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©) Newton's third law of motion: For every 


action, there is an equal and opposite reaction. 
When a rocket lifts off from a launch pad, the 
exhaust gas Is accelerated from the base of the 
rocket, and the rocket accelerates or moves in 
the opposite direction. 


in the same direction, they combine to 
produce a stronger force. This is called 
the resultant force. When forces act in 
opposite directions, the resultant force is 
the difference between them. If the 
resultant force acting on a mass is not 
zero, it produces acceleration. 


Third Law 

Newton’s third law of motion is often 
stated as, “Io every action there is an 
equal and opposite reaction.” This 
means that when one object applies a 
force (the action) to a second object, the 
second object pushes back in the oppo- 
site direction with the same force 
(the reaction). When a rocket stands on 
its launch pad, for example, its weight 





(the action) pushes down on the launch 
pad. The launch pad pushes up against 
the rocket with an equal and opposite 
force (the reaction). 

Action-reaction forces should not 
be confused with the forces that make 
objects accelerate. Action-reaction forces 
are always equal and opposite. Whether 
or not an object accelerates depends on 
the forces acting only on that object. 

The example of a rocket can be used 
again to illustrate this law. When a rock- 
et standing on a launch pad fires its 
engine, the jet of gas from the engine 
pushes up against the rocket (action), and 
the rocket pushes down against the gas 
with equal force (reaction). These forces 
are equal and opposite, but whether or 
not the rocket takes off depends on the 
forces acting only on the rocket itself. 


MOMENTUM 


Momentum Is a property of all moving 
objects. It is equal to the mass of an 
object multiplied by its velocity. The 
more mass an object has and the 
faster it moves, the more momentum 
it has. A heavy airliner has more 
momentum than a small fighter plane 
flying at the same speed because the 
airliner has more mass. In addition, a 
plane flying at 1,000 miles per hour 
(1,600 kilometers per hour) has twice 
the momentum of the same plane fly- 
ing at 500 miles per hour (800 kilome- 
ters per hour). 
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O Kepler's first law stated that a planet's orbit 
follows the shape of an ellipse with the Sun 

at one focus. Most planets have regular, almost 
circular orbits, but some comet orbits form very 
"eccentric" ellipses, as shown here. 


The force of gravity pulls the rocket 
down, and the thrust of its engine push- 
es it up. If the thrust upward is greater 
than the force of gravity acting on the 
rocket, the resultant downward force 
will make the rocket accelerate upward. 


Other Laws of Motion 

Newton’s three laws of motion are the 
most well known, but there are other 
such laws. Newton’s work on forces, 
motion, and gravity built on earlier 
work by German mathematician 
Johannes Kepler (1571-1630). Kepler 
studied the way that the planets move. 
Using observations of the planets made 
by Danish astronomer Tycho Brahe 
(1546-1601), Kepler produced three 
laws of motion for planets. 


Kepler’s first law says the shape of a 
planet’s orbit is a squashed circle, or 
ellipse. The second law says a line 
between a star and a planet sweeps out 
equal areas in equal periods of time. A 
planet, therefore, travels through space 
faster when it is closer to a star and 
more slowly when it is farther away 
from the star. Kepler’s third law 
describes the link between the time it 
takes a planet to go around a star and 
the length of its orbit. 

Newton’s laws of motion and gravi- 
tation provided a scientific explanation 
for Kepler’s laws. Kepler’s laws describe 
the motion of planets, but they apply 
equally to the motion of modern-day 
satellites and manned spacecraft travel- 
ing around planets and moons. 


SEE ALSO: 
e Force @ Gravity ©% Lift and Drag 


e Newton, Isaac è Thrust ¢ Weight 
and Mass 
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Lift and Drag 


ift and drag are two of the four 
L forces that act on an airplane. (The 
other two are thrust and weight.) 
Lift and drag are aerodynamic forces, 
which means that they are produced by 
the effect the shape of an airplane has 
on the air it is traveling through. Lift is 
an upward force produced by the shape 
of an airplane’s wings. Drag is a back- 
ward force produced by air resisting the 
movement of an airplane traveling 
through it. Lift and drag are both vec- 
tors, or quantities with size and direction. 
Lift and drag are closely linked. Lift is 
necessary for flight, but drag tries to 
stop a plane from flying by slowing it 
down. More speed means more lift, but 
it also means more drag. These two 
forces are in constant conflict. Lift and 
drag is useful in determining how effi- 
cient an airplane is. 





©) The amount of lift divided by the amount 
of drag gives the lift-to-drag ratio. Gliders have 


a high lift-to-drag ratio, which means they can 
travel forward a long way without losing too 
much height. 


TYPICAL LIFT-TO-DRAG RATIOS 
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Round parachute 131l 
Rectangular parachute Seal 
Space Shuttle 51 
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Lift-to-Drag Ratio 

To figure out the efficiency of aircraft, 
designers and engineers use a measure- 
ment that combines and compares lift 
and drag. This measurement is called the 
lift-to-drag ratio. (A ratio is a pair of 
numbers that show how two quantities 
are related to each other.) 

The lift-to-drag ratio also is known 
as the L/D ratio, or just “L over D.” It is 
simply the amount of lift divided by the 
amount of drag. As the second number 
of the ratio is usually one, it is some- 
times omitted and only the first number 
is given. The better a plane is at produc- 
ing lots of lift with little drag, the bigger 
the L/D number is. The best gliders have 
an L/D of 60 or 70, compared to an air- 
liner’s L/D of about 15. Birds, such as the 
albatross, that are good at gliding for 
long distances, also have a high L/D. 
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LIFT AND DRAG 


How an Airplane’s 

Wing Creates Lift 

The shape of a wing, curved on 
top and flatter underneath, is 
called an airfoil. When it slices 
through air, some of the air rises 
up over the curved top of the 
wing and down the other side. 
The air that travels over the top 
of the wing speeds up and, 
according to a scientific law 
known as Bernoulli’s Principle, 
the pressure above the wing 
falls. In addition, air flowing over 
the wing is directed downward by the 
wing’s shape. According to another sci- 
entific law, Newton’s third law of 
motion, this downward motion of the air 
results in an upward motion of the wing. 
The force that pushes a wing upward is 
lift. If a wing is tilted up at the front, air 
is deflected downward even more pow- 
erfully by the curved top and also by the 
angled bottom of the wing. This pro- 
duces more lift. 


Types of Drag 

For a plane flying slower than the speed 
of sound, there are three main types of 
drag. They are induced drag, form drag, 
and skin friction drag. Induced drag is 
also known as lift-induced drag. It hap- 
pens when wings produce lift, and it is 
increased at low speeds. 

Form drag depends on the size and 
Shape of an aircraft. It increases as an 
airplane flies faster. This kind of drag 
can be reduced by making a plane 
Slender and streamlined. A streamlined 





©) The F-104 Starfighter had very thin wings, 
giving it a good lift-to-drag ratio and high 


flying speeds. 


Shape is one that lets air flow around it 
smoothly and easily. 

Skin friction drag depends on how 
smooth the surface of an aircraft is. It is 
greater at high speeds. Designers can 
reduce skin friction drag by making an 
aircraft as smooth as possible. Form 
drag and skin friction drag added 
together are sometimes called parasitic 
drag, or parasite drag. 

With induced drag increasing at low 
speeds and parasitic drag increasing at 
high speeds, there is a speed in the mid- 
dle at which both types of drag are 
lower; the total drag, in other words, is 
the lowest it can be. An aircraft’s L/D 
number is highest at this speed, and its 
wings are working most efficiently. 
When designers produce a new airplane, 
they try to ensure that its cruising speed 
is the same as this minimum drag speed. 
The cruising speed is the speed at which 
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©) Fish are streamlined so they can move effi- 


ciently through water with minimum drag, just 
as streamlined aircraft do through the air. 


a plane usually flies, so aircraft design- 
ers want its wings to be most efficient at 
this speed. 

Aircraft that fly faster than the speed 
of sound suffer from additional types of 
drag: wave drag and ram drag. Wave 
drag happens because high-pressure 
waves called shock waves form in the air 
around the airplane and slow it down. 
Ram drag is caused by air being slowed 
down as it enters the plane’s engines. 


Reducing Drag 

When a plane cruises at a steady speed, 
the thrust of its engines forcing it for- 
ward is exactly balanced by drag pulling 
it backward. If the drag can be reduced, 
the plane can go faster or farther or burn 
less fuel. 

One way to reduce drag is to make 
the wings thinner. The Lockheed F-104 
Starfighter was a very fast fighter built 
in the 1950s. It had very thin wings to 
reduce their drag and make the plane as 
fast as possible. In fact, its wings were so 
thin and the leading edges were so sharp 
that soft covers had to be fitted to them 
on the ground to protect engineers from 
injuries if they walked into a wing. 


Gliders 
Gliders have long, thin wings that create 
a lot of lift and a slim, streamlined body 
that causes little drag, so they have very 
high L/D ratios. 

For gliders the L/D ratio is the same 
as the glide ratio. This is the distance a 
Slider flies forward compared to the 
height it loses. A glider with a glide ratio 
of 70:1 flies 70 feet (21 meters) forward 
for every 1 foot (0.3 meters) it descends. 

It is important to know the L/D ratio 
of a powered aircraft, because it tells the 
pilot how far the plane can glide before 
it has to land if the engines fail. While it 
is gliding, drag is slowing it down. As it 
Slows down, its wings produce less lift, 
so it loses height. 

In 1982, a Boeing 747 flew into a 
cloud of ash rising from a volcano in 
Indonesia. The ash damaged the engines. 
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All four engines failed at an altitude 
of 37,000 feet (11,278 meters). With 
an L/D ratio of 15:1, the 747 could 
Slide a distance equal to fifteen times 
its altitude, or up to about 105 miles 
(170 kilometers). Luckily, the crew was 
able to restart three of the engines and 
land the airliner safely. 

The Space Shuttle returns to Earth 
without engine power and glides down 
to a landing. Compared to an airliner or 
glider, the spacecraft has a very poor L/D 
ratio. It drops like a stone as it glides, 
approaching the runway at an angle six 
times steeper than that of an airliner. 


Objects experience lift and drag when 
they travel through all kinds of gases, 
not just air. A spacecraft entering anoth- 
er planet’s atmosphere experiences drag. 
If it were the right shape, it could also 
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Lighter-than-air craft, including this aerostat 
(moored balloon), get their lift by being filled 
with gas that is lighter than the surrounding air. 


produce lift. Objects moving through liq- 
uids also experience lift and drag. The 
streamlined shape of a fish enables it to 
slip through water easily with minimum 
drag. Ships and submarines experience 
drag as they move through water. Ships 
called hydrofoils have underwater 
wings. As a hydrofoil accelerates, its 
underwater wings produce lift, and the 
ship’s hull rises up out of the water. 


SEE ALSO: 
Aerodynamics ¢ Aircraft Design 
Bernoulli’s Principle ° Force 

e Glider è Laws of Motion e Thrust 
Weight and Mass è Wing 
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Lilienthal, Otto 


Date of birth: May 23, 1848. 

Place of birth: Anklam, Germany. 
Died: August 10, 1896. 

Major contribution: Researched and 
wrote about many principles of aero- 
dynamics and aeronautics; first person 
photographed flying a successful 
heavier-than-air aircraft. 


tto Lilienthal became attracted to 
Q idea of flying as a teenager. 

In his first attempts at flying, 
he tried to mimic the method used by 
birds. Lilienthal built two pairs of 
6.5-foot-long (1.9-meter-long) wings. 
He strapped one pair on his brother’s 
arms and the second pair on himself. 
The two ran down a hill flapping the 
wings, hoping to take off into the air. 
The experiment failed, but Lilienthal 
remained committed to flying. 

In 1870, Lilienthal graduated with a 
degree in mechanical engineering from 
the University of Berlin, Germany. While 
heading a factory that made engines, he 
devoted his spare time to studying the 
flight of birds. 

In 1891, Lilienthal built his first glid- 
er. The frame was made of willow wood 
covered by cotton fabric. The wings 
were 25 feet (7.6 meters) long from tip to 
tip. Lilienthal bounced off a springboard 
to launch himself into the air. On the 
first attempt, he traveled only a few feet. 
Lilienthal made repeated experiments, 
increasing the height of the springboard 
and then shortening the wingspan. 





©) The research work and experiments of Otto 


Lilienthal helped many early aviators, such as the 
Wright brothers, achieve advances in their own 
flying ventures. 


Eventually, he glided as far as 80 feet 
(24 meters). 

Over the next few years, Lilienthal 
continued tinkering with gliders. From 
1891 to 1896 he took more than 2,000 
glider flights. Lilienthal tried covering 
both sides of the wings and adjusting 
wingspan. Most of his designs were 
monoplanes, with single wings, but 
some were biplanes. In most of his air- 
craft, Lilienthal stood in a harness 
between the wings, with his torso above 
the wings and his legs below. Once aloft, 
he maneuvered the glider by shifting 
his weight from one side to another or 
by leaning to the front or the back. 
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LILIENTHAL, OTTO 


AN IMPORTANT 
PUBLICATION 


In 1889, Otto Lilienthal published a 
book summarizing his research into 
how birds fly. Called Bird Flight as the 
Basis of Aviation, it was a brilliant 


work for Its time. Lilienthal conclud- 
ed that the curved shape of birds 
wings was the secret to their flying 
ability. He proposed that a flat sur- 
face would offer less wind resistance 
and prevent lift. He also calculated 
how long wings would have to be to 
carry a human Into flight. 


Although effective, the technique was 
difficult and required great strength. 
Lilienthal tried adding devices to make it 
easier to guide the glider. 

By 1894, Lilienthal had decided that 
he needed a better launching area. He 
mounded dirt into a hill and built a shed 
on top, where he stored his equipment. 
The hill allowed Lilienthal to launch no 
matter which way the wind was blow- 
ing—he could simply run down the 
appropriate side of the hill. He always 
chose to run into the wind to get the 
needed lift. 

Lilienthal was able to glide more 
than 150 feet (46 meters) from his new 
launching site, but he wanted to go even 
farther. As a result, he began launching 
himself from some higher hills near 
Berlin. On one trip, Lilienthal traveled 
1,150 feet (350 meters). 
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© Lilienthal's Derwitzer glider of 1891 covered 
flight distances of up to 80 feet (24 meters). 
During a series of flight experiments, Lilienthal 
reduced the glider's wingspan from 25 feet 
(7.6 meters) to 18 feet (5.5 meters). 


Continued tests led to a fatal disaster. 
On August 9, 1896, Lilienthal took a 
Slider flight in the midst of heavy wind 
gusts. One gust caught the glider and 
sent it crashing to the ground from 
50 feet (15 meters) up. Lilienthal broke 
his back and died the next day. 

Lilienthal’s work in aviation was 
of great importance. His writings influ- 
enced others interested in flying, 
including Orville and Wilbur Wright. 
Photographs taken of his glider flights 
inspired many early aviation pioneers 
by showing that a man could, indeed, 
build and fly a heavier-than-air aircraft. 


SEE ALSO: 


e Aerodynamics ¢ Aeronautics 


e Aircraft Design © Glider è Lift 
and Drag 
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Lindbergh, Charles 


Date of birth: February 4, 1902. 
Place of birth: Detroit, Michigan. 
Died: August 26, 1974. 

Major contribution: First person to 
fly nonstop and solo across the 
Atlantic Ocean. 

Awards: Distinguished Flying Cross: 
Medal of Honor. 


f all the heroes of early aviation, 
() Charles Lindbergh was perhaps 

the most beloved. His nonstop 
solo flight across the Atlantic Ocean in 
1927 made him a hero around the world. 
Lindbergh made other contributions to 
the field of aviation, but he also suffered 
from personal tragedy and controversy. 


Early Years 

As a child, Charles Lindbergh learned to 
love the outdoors, became fascinated by 
machinery, and dreamed about flying. 
Alhough intelligent, Lindbergh was not 
a good student. He began attending the 
University of Wisconsin but left after a 
few semesters of poor grades. 

About the same time, Lindbergh went 
up in an airplane for the first time. He 
immediately signed up for lessons. Once 
he gained a pilot’s license, Lindbergh 
began flying as a barnstormer (a type of 
stunt pilot). In 1925, Lindbergh joined 
the Robertson Aircraft Company of 
St. Louis, Missouri, which had a contract 
to carry airmail. Lindbergh flew the St. 
Louis-to-Chicago route, and the job pro- 
vided him with superb training. He had 
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©) Charles Lindbergh works on the engine of 
his monoplane, the Spirit of St. Louis, before his 
historic 1927 flight. 


to take his aircraft aloft in all kinds of 
weather, and he regularly flew after dark. 


Preparations 

Lindbergh dreamed of winning the 
Orteig Prize, a $25,000 award promised 
to the first pilot to fly nonstop across the 
Atlantic Ocean between New York and 
France. In 1926, a new engine became 
available—the Wright Whirlwind. It 
seemed powerful enough to carry an air- 
craft that long distance. 

Lindbergh convinced his employers 
at Robertson Aircraft Company to let 
him pursue the prize. He found business- 
men in St. Louis willing to provide the 
money he needed to buy a plane. He was 
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= The Spirit of St. Louis was 
photographed during flight in 1927. 


unable to make a deal with one of 
the famous aircraft companies, so 
he contacted a small firm, Ryan 
Airlines, in San Diego, California. 
Ryan agreed to build him a plane 
for $10,000 and promised to meet 
Lindbergh’s two-month deadline. 

Starting in late February 1927, 
Lindbergh worked closely with Ryan’s 
mechanics to build his airplane. He 
wanted to have a single engine and a 
single crew member—himself. That way, 
the plane could be as small and light as 
possible. He took every step possible to 
shed weight, dropping a radio to save 90 
pounds (41 kilograms) and doing with- 
out fuel gauges to save a few more. 

On April 28, 1927, the airplane was 
completed. Lindbergh named it the 
Spirit of St. Louis in tribute to his finan- 
cial backers. After testing the plane, he 
pronounced it ready. 


The Flight 
Bad weather forced Lindbergh to wait to 
fly to New York. While he was preparing 
for his flight, two groups had tried and 
failed to win the Orteig Prize. Even as 
Lindbergh waited for the weather to 
clear so he could leave San Diego, a 
two-man French team took off from 
Paris and headed toward New York. 
After making great progress, they disap- 
peared at sea on May 9, 1927. 
On May 10, Lindbergh left California. 
He flew to St. Louis, reaching it in record 











SPIRIT OF ST. LOUIS 


Model: Ryan NYP. 

Structure: single-engine monoplane. 
Wingspan: 46 feet (14 meters). 
Length: 27.6 feet (8.4 meters). 
Engine: Wright Whirlwind, 237 
horsepower. 

Fuel capacity: 450 gallons 
(1,703 liters). 

Speed: 120 miles per hour 
(193 kilometers per hour). 
Range: 4,100 miles 

(6,597 kilometers). 





time, and after a brief rest, he flew 
onward again to New York. 

When Lindbergh landed in New York 
on May 12, he met other teams eager to 
win the prize. All the teams were 
grounded, however, by poor weather 
over the Atlantic Ocean. 

On the night of May 19, Lindbergh 
heard the weather was to change the 
next day. Unable to sleep, he drove to 
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the airfield hours before dawn on May 
20, 1927. 

Later that morning, the plane was 
brought onto the runway. At 7:54 A.M., 
Lindbergh told his crew, “So long!” and 
took off, heading east. Lindbergh main- 
tained a steady speed to conserve fuel. 
As the day passed, he crossed New 
England and northeastern Canada. 
Exhausted by lack of sleep, he had to 
fight to stay awake. 

That night, Lindbergh was over the 
Atlantic and steering by the stars. When 
he entered clouds, he feared losing 
course and also that ice would coat the 
wings and weigh down the plane. 
Lindbergh flew around the cloud banks, 
often changing course. He continued to 
fight sleep all night. 

A few hours after dawn, he spotted 
some fishing boats. Lindbergh asked for 
the direction of Ireland by shouting, but 
heard no response. Some hours later, he 


È Charles Lindbergh is introduced by President 
Calvin Coolidge to a huge crowd gathered in 
Washington, D.C., in June 1927 to celebrate his 
successful flight. 


spotted the Irish coast. He had traveled 
about 3,000 miles (4,830 kilometers) and 
was only a few miles off course. As 
people below cheered, Lindbergh headed 
to the coast of mainland Europe. 

It was nightfall again—about 10 P.M. 
local time—when the exhausted pilot 
reached Paris, the capital of France, on 
May 21, 1927. When he spotted Le 
Bourget, the city’s airfield, Lindbergh 
nosed the plane down. He landed 337, 
hours after taking off and was greeted 
by a joyous crowd. 


Later Years 

Over the next weeks and months, 
Lindbergh was celebrated in cities across 
Europe and the Americas. Proclaimed 
“Lucky Lindy,” he became a world hero. 
In 1929, he married Anne Morrow. 
Lindbergh taught her to be a pilot, and 
she wrote moving books about the expe- 
rience of flying. Some of that work was 
based on experiences that the two 
Lindberghs had flying together to test 
routes for two airline companies. 

Then tragedy struck the family. In 
May 1932, the couple’s two-year-old 
son Charles, Jr, was kidnapped from 
their home. Eventually, the child was 
found dead. Grief and stress continued 
for the family through the search for and 
trial of the kidnapper. Soon after the 
child’s murderer was executed in 1936, 
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“WRONG WAY" CORRIGAN 


Qne of the mechanics who worked for 
Ryan Aircraft—the company that built 
Lindbergh's plane—gained fame for his 
own flying feat. During the 1930s, 
Douglas Corrigan fitted out a plane to 
cross the Atlantic Ocean. He hoped to 
land in Ireland, home to his family's 
ancestors. Several times, the U.S. gov- 
ernment turned down his request for 
permission to fly, saying that his plane 
was not safe enough. On July 17, 1938, 
Corrigan left a New York airfield in a fog. 
He was supposed to head west, to 
California, but he flew east instead. More 
than 28 hours later, Corrigan landed in 
Ireland. When questioned, he insisted 
that the fog made it difficult to read his 
compass correctly. The feat earned him 
fame and the nickname “Wrong Way.’ 
Many historians suspect that Corrigan 
henemrecasi OF “UT C@S@uenUlia me Never 
admitted to doing so. 





the Lindberghs moved to England to 
live. The couple had five more children. 

During the 1930s, Lindbergh traveled 
widely to promote aviation. After World 
War II broke out in 1939, he made many 
speeches urging the United States to stay 
out of the war. This activity resulted in a 
great deal of criticism, and Lindbergh 
resigned his commission in the U.S. 
Army Air Corps Reserve. Once the 
United States did enter World War II in 





©) Charles Lindbergh's wife Anne was the 
daughter of U.S. Senator Dwight Morrow and 
poet Elizabeth Cutter Morrow. Anne Morrow 
Lindbergh became an accomplished pilot herself, 
and the first licensed woman glider pilot 

in the United States. 


1941, however, Lindbergh helped the 
war effort. He consulted with airplane 
manufacturers, worked as a test pilot, 
and flew dozens of combat missions. 

After the war, Lindbergh continued 
to promote the growth of aviation by 
working with the U.S. military and with 
private airlines. He also helped to obtain 
funds for scientist Robert Goddard to do 
his vital work on rocket development. 
Lindbergh died in Hawaii in 1974, at the 
age of seventy-two. 


SEE ALSO: 


e Barnstorming ¢ Pilot ¢ Rocket 


e World War II 
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Materials and 
Structures 


aterials and structures are gen- 
Ñ / eral terms used in flight. They 

refer to the selection of materi- 
als used in aircraft and spacecraft and 
the science of constructing the craft for 
endurance and safety. Together and sep- 
arately, the two fields are vital to aero- 


Space engineering. 


Wood and Canvas 

The first aircraft were made from wood 
because it was light, fairly strong, avail- 
able, easily shaped, and easy to repair. 



































The Wright brothers’ Flyer airplane of 
1903 was made mainly from spruce and 
bamboo covered with canvas. 

To save weight, wings were not solid 
wood. Instead, they had a skeleton-like 
wooden frame. Long timbers called spars 
ran the length of the wings. Shorter 
pieces of wood, called ribs, ran from 
front to back. Fabric stretched over the 
ribs gave the wings their shape. Rib- 
and-spar construction is still used today. 

About 170,000 aircraft were built 
during World War I (1914-1918), and 
nearly all of them were wooden. Most 
early planes had biplane wings—one 
wing above the other—although the first 
powered monoplane had flown a short 
distance in 1906. Some were triplanes, 
with three wings stacked on top of each 
other. The wings were connected by 
wooden struts and tight bracing wires 
that formed a strong structure. 


New Materials 
Aircraft engines quickly became too 
large, heavy, and powerful for wooden 
aircraft. Manufacturers looked for a 
stronger material that also was light and 
easy to shape. The first material they 
chose was aluminum. Aluminum is a 
lightweight metal that is rustproof, but it 
is fairly soft and weak. 

In the early 1900s, a substance called 
duralumin was made. It was an alloy, or 


GS Work begins on the frame of an airship 
built in the 1930s. The metal ring-frames that 
give the nose of the giant aircraft its shape are 
clearly visible. 


(c) 2011 M.E. Sharpe, Inc. All Rights Reserved. 


MATERIALS AND STRUCTURES 





O Biplanes made by the French company 
Caudron were used widely during World War l. 
The rib-and-spar structure of the wings was 
lighter than solid wood. 


a metal mixed with other substances. 
Duralumin was made from aluminum 
with tiny amounts of copper, man- 
ganese, and magnesium added. When 
heated and quickly cooled again, it was 
soft and easy to bend and shape into 
parts for aircraft. After being shaped, 
the duralumin slowly hardened and 
strengthened over the next few days, 
becoming much harder and stronger 
than pure aluminum. This process is 
called age hardening, and it made dura- 
lumin an ideal material for aircraft. 
Duralumin was used to make the metal 
frames that gave airships their shape. 
Duralumin was not perfect, however. 
Although pure aluminum did not 
corrode, duralumin did. Corrosion is a 
chemical reaction that eats away at 


ALLOYS 


The properties of a metal can be changed 
by mixing other substances with It to 
create an alloy. Brass Is an alloy of most- 
ly copper and zinc, while bronze is made 
up of copper and tin. Steel is an alloy of 
iron and carbon, and stainless steel com- 
prises iron, carbon, and chromium. 
Aluminum is alloyed with other met- 
als to make It stronger. Today, there are 
dozens of different aluminum alloys for 
building aircraft and spacecraft. Instead 
of a name, such as duralumin, each alloy 
now has a code number that shows what 
it Is made of and what Its properties are. 
For example, aluminum alloys with num- 
bers beginning with 2 contain copper. 
If the number begins with 7, the alloy 
contains zinc and magnesium. Other 
numbers indicate different ingredients. 





365 


(c) 2011 M.E. Sharpe, Inc. All Rights Reserved. 


MATERIALS AND STRUCTURES 





a metal. The most familiar example of 
corrosion is iron turning to rust in damp 
conditions. A new material called Alclad 
was invented to deal with the problem of 
corrosion in duralumin. It was made by 
coating duralumin with pure aluminum. 
The pure metal protected the alloy. 


Changing Structures 

As high speeds became sought after, an 
aircrafts shape became more important. 
Parts that stuck out into the air flowing 
around an aircraft had to be removed or 
smoothed out to reduce air resistance. 
The wooden struts and bracing wires 
between biplane wings had to go. Wood 
and fabric biplanes were replaced by all- 
metal monoplanes. 

By the 1930s, nearly all new aircraft 
were monoplanes made from duralumin 
or similar aluminum alloys. Lots of new 
alloys with different properties were 
invented for building different parts of 
aircraft and spacecraft. 


G The Boeing P-26A, nicknamed 
the “peashooter,” was the first U.S. 
Army low-wing monoplane fighter 
constructed entirely of metal. This 
full-size peashooter was mounted 
for testing in a wind tunnel in 1934. 


At first metal airplanes 
were built in exactly the 
Same way as wooden planes. 
The structure was the same, 
and only the materials that 
were used were changed. The 
new materials made aircraft 
heavier, however, and a new 
type of structure was soon devised. 
Instead of building an airplane’s body 
from a strong, heavy, metal frame cov- 
ered with sheets of metal, a lot of the 
frame was removed. The thin metal skin 
itself provided some of the plane’s 
strength. This is called a stressed-skin 
structure. To make sure the thin skin did 
not bend or buckle, it had to be fastened 
securely to the frame with thousands of 
metal fasteners called rivets. 


The Heat Factor 

Some aircraft, especially fast military 
aircraft, cannot be made from aluminum 
alloys. Airplanes heat up as they fly 
faster because they both compress the air 
they fly through and create friction as 
they rub against it. Planes flying faster 
than about two-and-a-half times the 
speed of sound heat up so much that an 
aluminum body would become danger- 
ously soft and weak. Aluminum melts at 
a temperature of about 1220°F (660°C). 
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© A worker at the Douglas Aircraft 
Company in California during World 
War Il fastens the frame of an A-20 
bomber with thousands of rivets. 


An aircraft that flies faster 
than three times the speed of 
sound reaches nearly 1000°F 
(538°C). These planes are 
built from a metal called tita- 
nium. The Lockheed SR-71 
Blackbird spy plane was the 
first to be built from titanium 
in the 1960s. It could fly at 
three-and-a-half times the 
speed of sound. 

The first manned space capsules used 
in the Mercury and Gemini space proj- 
ects also were made from titanium. The 
Apollo command module was made of a 
lightweight aluminum honeycomb sand- 
wiched between aluminum sheets. It had 
a heat shield to protect it from the high 
temperatures of reentry. The Space 
Shuttle is made of aluminum protected 
by insulation material. 


Composites 

A composite is made of two or more 
materials. Carbon fiber is a composite 
material. It is made of plastic strength- 
ened by strands (or fibers) of carbon. The 
first composite used to build aircraft was 
a material called Duramold in the 1930s. 
It was made from thin sheets or strips of 
wood laid on top of one another with 
their grains in different directions and 
then soaked with plastic glue. Having 
the grains of the layers lying in different 





directions made the finished material 
stronger. A composite material called 
fiberglass was introduced in the 1950s. 
Fiberglass is made of plastic strength- 
ened with glass fibers. It was used in the 
Boeing 707 airliner. 

Today about one-tenth of the Boeing 
777 airliner is made of various compos- 
ite materials. About 24 percent of the 
new F-22 fighter plane is made from 
composites, with titanium (39 percent), 
aluminum (16 percent), steel (6 percent), 
and other materials (15 percent) forming 
the rest. 

Stealth planes such as the Lockheed 
F-117 Nighthawk attack plane and the 
Northrop B-2 Spirit stealth bomber have 
more composite materials used in their 
construction than most aircraft, because 
composites do not reflect radar waves 
as metals do. Composites help stealth 
planes to disappear from an enemy’s 
radar screens. 
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MATERIALS AND STRUCTURES 


GLIDER MATERIALS 


Gliders, like other aircraft, used to 


be made from wood, but today they 
are made from fiberglass, which Is 
extremely lightweight. The parts of 
the aircraft are made in molds. The 
inside of a mold forms the outside 


of the part. The mold Is first painted 
with a substance called gelcoat. 
(The gelcoat gives the glider a very 
smooth, glassy surface that Is Ideal 
for reducing air resistance.) Then 
mats of glass fibers are laid in the 
mold and soaked with liquid plastic. 
When the plastic with the glass 
fibers embedded in it has set hard, 
the part is popped out of the mold. 
The same mold can be used over 
and over again to produce many 
identical parts. 





G Materials and structures are extensively tested 
before an aircraft or spacecraft goes into produc- 
tion. Flight simulation, shown here for the X-33 
in 1997, can provide crucial data to the designer. 
The X-33, conceived as a reusable space launch 
vehicle, was canceled in 2001 because of many 
technical difficulties, including flight instability. 


Building Boeing Airliners 

An airliner is built from millions of 
parts—6 million for a Boeing 747 and 
more than 3 million for a Boeing 767 or 
777. Boeing airliners are built in the 
world’s largest building in Everett, 
Washington, about 30 miles (about 48 
kilometers) north of Seattle. Parts arrive 
every day from all fifty U.S. states and 
from all over the world. Ensuring that 
the right number of correct parts arrive 
on time at the relevant production line is 
an incredibly complex task. 

Each aircraft is built in sections. It is 
vital that these sections are exactly the 
right shape and size so that they fit 
together precisely. The sections are built 
on very accurately made frames called 
jigs. Overhead cranes move finished sec- 
tions together for assembly on the pro- 
duction line. Highly skilled workers 
Swarm over the airplane, installing the 
wiring, hydraulics, avionics, engines, 
fuel system, and countless other parts. 

Modern airliners contain so many 
electrical and electronic systems that 
every Boeing 747 needs 171 miles (275 
kilometers) of wiring to connect it all 
together. When all the equipment and 
systems have been installed in the air- 
liner, they are checked to make sure that 
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SPACECRAFT MATERIALS AND STRUCTURES 


Materials and structures are vital to spacecraft. The design of a spacecraft depends on 
whether It is manned or unmanned and whether it will land or stay In space. The first 
manned spacecraft for traveling only in space was the lunar module that landed 
astronauts on the Moon. Its spidery, boxlike shape, and flimsy structure would not have 
Survived reentering Earth's atmosphere, but it was perfectly designed for its task. 
Building a spacecraft begins with a strong frame to which the other parts of the craft 
are attached. Aluminum metal is commonly used for this because it can be formed into 
a Strong structure that also Is lightweight. The Space Shuttle has a skeleton-like frame 
made of aluminum covered with a thin aluminum skin. 
Manned spacecraft must be protected from the heat of reentry, so they are covered 
, | . with heat-resistant materials. Space cap- 
| hdl fà sules usually have a heat shield that can be 
“Ni = | g £ used only once. The Space Shuttle's heat 
protection can be used again and again. 
New lightweight materials, such as car- 
bon fiber, are replacing some of the metal 
parts of spacecraft, but aluminum is still 
used for the main structure of large, 
manned craft. The biggest and newest 
Space structure, the International Space 
Station, is made mainly from aluminum. 





©) NASA workers prepare the Mars Pathfinder lander for its journey into space by closing up its 
metal “petals.” The Pathfinder landed on Mars in 1997. Its small Sojourner rover (visible in place 
on the foremost petal) then traveled over Mars’ surface. 


everything works properly. The final production lines—two for 777 airliners, 
tasks are to install the seating in the lay- one for 747s, and one for 767s. 

out and to paint the airplane in the cus- 
tomer’s chosen colors. 


As each plane is assembled at the SEE ALSO: 
factory, it moves along the production e Aerodynamics ° Aeronautics ¢ Air 
line toward the giant doors where the and Atmosphere e% Aircraft Design 


finished airliners leave. The factory is so e Airship ° Biplane 
big that there is enough room for four 
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Microlight 


microlight is a very light, pow- 
A ered aircraft used for recreation- 

al flying. Some microlights look 
like regular light airplanes, but smaller. 
Others resemble a kite or flying wing 
with an engine. There are even micro- 
light amphibians and floatplanes (or 
seaplanes) that can land on water. 





O Microlight pilots can experience a great sense 


of freedom with an open cockpit and the opportu- 
nity for unrestricted flying in unpopulated areas. 


Certain types of microlight aircraft 
are known as ultralights. In the United 
States, an ultralight is defined as a single- 
seat microlight airplane that weighs less 
than 235 pounds (107 kilograms) when 
empty and has a top speed of 63 miles 
per hour (101 kilometers per hour). An 
ultralight is permitted to fly only during 
daylight hours and over unpopulated 
areas of the country. 

Slightly heavier, faster microlight 
aircraft are known as light-sport air- 
planes, a category introduced by the 


370 


U.S. Federal Aviation Administration 
(FAA) in 2004. Another term sometimes 
used to describe microlights is recre- 
ational aircraft. 


Building Microlights 

Lightweight sports flying became popu- 
lar in the 1970s, a time when a growing 
number of people were interested in fly- 
ing for fun and at low cost. Hang gliders 
also became popular around this time. It 
was a fairly simple task to fit a small 
engine and propeller to a hang glider 
frame to make a powered aircraft that 
was fun to fly and for which no pilot’s 
license was required. 

Most microlights are now made by 
specialty companies, but many have 
been constructed by individuals who get 
pleasure from designing and building 
airplanes. People who build aircraft at 
home recapture some of the pioneering 
excitement of the early days of aviation 
in the early 1900s, when people built 
planes powered by motorcycle engines. 

Older homemade microlights were 
built from plywood and spruce, covered 
with cotton fabric. Today, even amateur 
aircraft builders are more likely to use 
aluminum for the frame and dacron for 
the fabric. Some microlights are made of 
strong, lightweight composite materials, 
such as an epoxy resin coating contain- 
ing glass or carbon fiber molded over a 
plastic-foam body. There are many dif- 
ferent designs. Experts have said that it 
would be very difficult to design a new 
microlight in a way that has not already 
been tried. 
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> Building microlights is a popular pas- 
time. Some microlights, such as this one, 
are scaled-down, lightweight replicas of 
vintage military airplanes. 


Regulating Microlights 

At first, homebuilt microlights had 

a poor reputation for safety; they 

were flimsy, and pilots flew with- 

out any proper training. Safety has 

improved. Some countries now 

require microlight pilots to have a 

license or certificate, and the air- 

craft themselves have to be certified 
as airworthy. France and the United 
States have the fewest regulations 
on microlight flying; Germany, 
Italy, and the United Kingdom are 
the strictest nations. 

In the United States, it is possi- 
ble to fly an ultralight without 
holding a pilot’s license, although 
sensible beginners learn how to fly 
from an experienced pilot. A sport 
pilot’s certificate is required to fly 
light-sport aircraft. A  light-sport 
aircraft has a maximum weight of 
1,320 pounds (600 kilograms) and a 
maximum speed of 138 miles per 
hour (222 kilometers per hour). 

An ultralight pilot is allowed to 
do simple maintenance tasks at 
home, just as a person might work 
on a car or bicycle. Regulations 
restrict ultralight flying in populat- 
ed areas, and pilots are not sup- 
posed to fly in bad weather or at 
night. Many experienced airplane 


MICROLIGHT 


MARATHON FLIGHT 


Microlight flying of a specialized kind attracted 
worldwide interest In 1986, thanks to the 
record-breaking flight of the Voyager airplane. 
Voyager was the brainchild of Burt Rutan, the 
designer of several homebuilt airplanes such as 
the VariEze, which combined strength with 
extreme lightness. Voyager was made mostly 
of carbon fiber, paper, and epoxy resin. It was 
piloted by Rutan’s brother, Dick Rutan, and 
Jeana Yeager, who were squashed into a cock- 
pit 5.6 feet (1.6 meters) long. Taking off from 
California, they flew about 25,000 miles 
(40,250 kilometers) around the world, without 
refueling In just over nine days. This was the 
first ever round-the-world flight by an airplane 
on a Single load of fuel. Voyager weighed just 
1,858 pounds (844 kilograms) without fuel and 
flew at an average speed of 116 miles per hour 
(186 kilometers per hour). 
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pilots have become microlight enthusi- 
asts, and this has helped raise the stan- 
dards of piloting. 
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There are three basic types of microlight 
aircraft. The first type, known as a 
weight-shift or trike, resembles a pow- 
ered hang glider. It is basically a glider 
wing from which a three-wheeled cart is 
suspended for the pilot to sit in. The 





GA typical weight-shift or trike 
microlight has a three-wheeled 
design and is controlled by shift- 
ing body weight and with the use 
of a handbar. 


name “trike” comes from 
the three-wheeled design. 
The trike pilot flies the air- 
plane in a fashion similar to 
flying a hang glider, con- 
trolling it with movements 
of a horizontal handbar and 
by shifting the position of 
the body to alter its weight distribution. 
The lightest weight-shift airplane is a 
powered hang glider, which is foot- 
launched (to take off, the pilot simply runs 
down a slope into the wind). There also 
are powered parachutes and powered 
paragliders. As the lightest kinds of micro- 
lights, these also can be foot-launched. 


@) Fixed-wing microlights resemble regular 
airplanes but are much lighter and smaller. 
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MICROLIGHT 


Larger microlights are air- 
planes, either three-axis fixed- 
wing or two-axis fixed-wing. 
Three-axis fixed-wing micro- 
lights look and fly more like a 
full-sized airplane, moving 
around three axes of control: 
yaw, pitch, and roll. The pilot 
uses the same kind of controls 
as those in a regular airplane: 
ailerons, elevators, and rudder. 
Such microlights are in some 
respects scaled-down versions 
of conventional airplanes. 

The two-axis fixed-wing is 
a simpler machine. These air- 
craft look less like a conven- 
tional airplane and have no 
ailerons. For this reason, the 
pilot must use the rudder when 
making a turn. 


DE 


Sport Flying 

In the United States, microlight sport 
flying is controlled by the United States 
Ultralight Association (USUA), which 
was formed in 1985 and is based in 
Gettysburg, Pennsylvania. The associa- 
tion aims to encourage flying for fun as 
well as the promotion of good safety 
procedures and instruction by profes- 
sional flight instructors. 

Every two years, the U.S. National 
Microlight Championships take place at 
a different location. The 2006 champi- 
onships were jointly promoted by the 
USUA and Aero Sports Connection 
(ASC), the two biggest microlight flying 
organizations in the United States. A 


FINITION OF A MICROLIGHT 


According to the U.S. National Microlight 
Championships, the definition of a microlight is 
a one- or two-seat airplane whose minimum 
speed at gross mass (total weight) is less than 
40.4 miles per hour (65 kilometers per hour) 
and having a gross mass of: 


© 661 pounds (300 kilograms) for a 

land plane, single-seater. 

© 728 pounds (330 kilograms) for an 
amphibian or pure seaplane, single-seater. 
© 992 pounds (450 kilograms) for a 

land plane, two-seater. 

© 1,091 pounds (495 kilograms) for an 
amphibian or pure seaplane, two-seater. 





U.S. team competes in the World 
Microlight Championships, in which 
there are four categories: airplane, 
weight-shift trike, powered parachute, 
and powered paraglider classes. Such 
competitions challenge the skills of the 
microlight pilot and the performance of 
the aircraft in various ways, including 
navigation tasks using GPS technology 
and precision landings. 


SEE ALSO: 
e Aileron and Rudder ° Hang Glider 


e Materials and Structures e Pitch, 
Roll, and Yaw 
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Missile 


issiles are self-propelled 
Ñ j weapons that fly toward their 
targets at high speed, armed 


with an exploding warhead. There are 
many different types of missiles. 


The Basic Types 
Small missiles are used for attacking tar- 
gets, such as tanks, just a few hundred 
or thousand feet away. These small bat- 
tlefield missiles used by armies are also 
called tactical missiles. There also are 
longer-range missiles carried by ships 
and helicopters for attacking enemy 
ships, aircraft, and land targets. The 
biggest and most powerful missiles can 
fly thousands of miles and do enormous 
damage to a whole city. These missiles 
are known as strategic missiles. 

Nearly all missiles have a guidance 
system that steers them toward their tar- 
gets. For this reason, they are called 





374 


guided missiles. There are different types 
of guidance systems. Some use the heat 
of the target (for example, the heat gen- 
erated by the jet exhaust of an enemy 
fighter plane). Other guidance systems 
are radar seeking, using the radar reflec- 
tion of an oncoming missile to find and 
destroy it. Missiles aimed at a stationary 
target on the ground can use GPS as 
their guidance system. 

Missiles also are defined by where 
they are fired from and what their target 
is. Surface-to-air missiles (SAMs) are 
launched from the ground at aircraft. 
Air-to-ground missiles (AGMs) or air-to- 
surface missiles (ASMs) are fired by air- 
craft at targets on the ground. 

Air-to-air missiles (AAMs) are fired 
by aircraft at other aircraft. The AIM-9 
Sidewinder is a short-range missile used 
by fighter planes in combat with each 
other. AIM stands for air intercept mis- 
sile. When a Sidewinder is fired, its solid 
fuel rocket accelerates it to more than 
twice the speed of 
sound. Fins on the 
nose and tail provide 
lift and steer the mis- 
sile. The missile’s nose 


G A view of the wing of 
a U.S. Navy Hornet shows 
two laser-guided bombs 
and (on the outside) an 
AIM-9 Sidewinder missile. 
The Sidewinder is an air- 
to-air missile, which means 
it is used by aircraft to 
attack enemy aircraft. 
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MISSILE 


THE V-2 MISSILE 


The world's first ballistic missile was the V-2, developed in Germany during World War Il. 
It stood 47 feet (14 meters) high and weighed about 29,100 pounds (13,200 kilograms). 
The V-2's nose contained 1,600 pounds (about 725 kilograms) of explosives. Its rocket 
engine, burning alcohol and liquid oxygen, boost- 
ed it to a height of about 50 miles (80 kilometers), 
and then the V-2 fell toward its target, up to 200 
miles (320 kilometers) away. The V-2 arrived with- 
out warning because it flew faster than the speed 
of sound. Even if a V-2 was spotted, it was flying 
too fast to be shot down. 

The V-2 was not a very accurate weapon. It 
could be Tired at something as big asa city with a 
good chance of hitting it, but it could not be 
counted on to hit smaller targets, such as bridges 
or runways. About 4,000 V-2s were launched 
during the war—more than 1,000 fell on London. 
After the war, the United States and the Soviet 
Union captured scores of unused V-2 rockets. 
Many of the ballistic missiles and space rockets 
Oullt in the 1950s were based on the V-2. 
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©) A V-2 rocket is prepared for launch by technicians in Germany in the early 1940s. 





contains an infrared (heat) seeker. This 
detects the heat of the target plane and 
steers the missile toward it. 


Flying Bombs 

Modern cruise missiles (missiles with 
wings and small jet engines) can trace 
their history back to the flying bombs 
built during World War II (1939-1945). 
The V-1 flying bomb was a jet-powered 
plane without a pilot. It was given the 
name of “Buzz Bomb” or “Doodlebug” 


because of the characteristic buzzing 
noise its engine produced. 

The engine used in the V-1 was a 
type of jet called a pulsejet. Air entered 
the engine through shutters, and then 
fuel was sprayed into it and ignited. The 
explosion snapped the shutters closed at 
the front and forced the hot gases out of 
the engine’s tailpipe. Then the shutters 
opened, and the process started over 
again. This happened about 100 times 
every second. 
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STINGERS 


The smallest missiles are light enough 
to be carried by a soldier. Stinger is a 
portable missile system that soldiers 
can use to shoot down low-flying air- 
craft. A soldier holds the launcher on 
his shoulder and waits for the missile 
to lock onto the target. When the mis- 
sile is fired, a small rocket hurls it out 
of the launch tube. Then the launch 
rocket falls away, and the main rocket 
fires at a safe distance from the soldier. 
The missile accelerates to twice the 
Speed of sound, guiding itself toward 
the heat given out by the target. 


©) A soldier fires an FIM-92 Stinger missile 
from a shoulder launcher during a test at a 
missile test range in New Mexico. 





MISSILE 


When the V-1 had flown the right 
distance to reach the target, a guillotine 
(sharp blade) cut the cable linked to its 
elevator, a flap in the V-1’s tail that 
tilted to control its height. Once the 
cable was cut, a spring pulled the eleva- 
tor down and sent the bomb into a dive. 


Ballistic Missiles 
Missiles that spend most of their flight 
falling through the air without power 
are called ballistic missiles. A rocket 
launches them high in the air, or even 
into space, and then gravity pulls them 
back down to the ground again. A track- 
ing system finds the target and locks 
onto it. The tracking system gives the 
target’s location to the missile’s guid- 
ance system, which then works out the 
flight path the missile needs to follow. 
The guidance system commands the 
flight system to steer the missile, usual- 
ly by moving fins on the missile’s body. 
Small ballistic missiles are mounted 
on mobile launchers that can be moved 
from place to place. The biggest ballistic 
missiles—intercontinental ballistic mis- 
siles (ICBMs)—can fly more than 3,300 
miles (5,300 kilometers) from one conti- 
nent to another. These missiles are too 
big and heavy to be moved around by 
trucks, but they would be easy to attack 
if they stood out in the open. One way to 
hide large missiles from enemies is to 
keep them in launch tubes, called silos, 
buried in the ground. As missiles have 
become more accurate and more power- 
ful, however, silos provide less protec- 
tion. Another way to protect missiles 
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MISSILE 





from enemy attack is to put them in 
nuclear submarines, which can stay sub- 
merged in the ocean for weeks at a time. 


Strategic Missiles 

Trident, a nuclear weapon, is the U.S. 
Navy’s submarine-launched ballistic 
missile (SLBM). A Navy submarine can 
carry up to twenty-four Trident missiles. 
The latest Trident missile model, the 
Trident II (D5), can hit targets 4,600 
miles (7,400 kilometers) from wherever 
it is launched. The British Royal Navy is 
also armed with Trident. 

Nuclear missiles such as Trident are 
deterrent, or strategic, weapons. A deter- 
rent is so terrible that its mere existence 
deters an enemy nation from attacking. 
A nuclear attack would trigger an 
unstoppable, devastating nuclear retali- 
ation. This policy is sometimes known as 
mutually assured destruction, or MAD. 

Most missiles have one warhead—the 
exploding part in the missile’s nose. 
Strategic missiles often have several 
warheads that can be aimed at different 
targets. The warheads are located on a 
part called a bus. The bus is blasted into 


© This drawing shows a typical multiple 
independently targetable reentry vehicle (MIRV)— 
the multiple warhead of a strategic missile. 


the upper atmosphere. Its guidance 
system aims it at the first target and 
releases one warhead. The warhead 
heads back to Earth and falls on that 
target. Meanwhile, small rocket thrusters 
have turned the bus to aim at another 
target and released another warhead. 
Trident can carry up to twelve warheads. 
This type of warhead is called a MIRV, 
which stands for multiple independently 
targetable reentry vehicle. 


Cruise Missiles 

Most missiles are powered by rockets, 
but the cruise missile is powered by a 
small jet engine and is not ballistic. The 
missiles have wings, and they fly like 
planes without a pilot. Cruise missiles 
guide themselves to the target, flying 
low to avoid enemy radar. They are very 
accurate indeed: a cruise missile can fly 
700 miles (1,126 kilometers) and then hit 
a designated target the size of a car. 

A cruise missile can be fired from a 
launcher on the back of a truck, or from 
an airplane, a ship, or even a submerged 
submarine. A small rocket launches the 
missile, and then the rocket falls away 
and the missile’s jet engine takes over. 
Cruise missiles dropped from aircraft do 
not need booster rockets, because they 
are already traveling fast enough when 
they are launched. The tailfins and 
wings spring out from the missile’s body 
as it begins to fly toward its target. 


377 


(c) 2011 M.E. Sharpe, Inc. All Rights Reserved. 


MISSILE 





Í 


©) The U.S. Air Force uses a type of air-launched 
cruise missile called the AGM-86B. A cluster of 
these missiles is shown here, mounted on the 
wing of a B-52G Stratofortress. 


The cruise missile is steered by 
a system called inertial guidance. The 
system measures how far the missile has 
traveled, and in which direction, from 
the place where it was launched. Inertial 
guidance is not perfect, and small errors 
can build up during a long flight and 
push the missile off course. The missile 
checks its position with a radar system 
called TERCOM (short for terrain 


© An MIM-104 Patriot missile is fired into the 
sky. Patriot launch tubes, mounted on the backs 
of trucks, are deployed in conflict zones, such 
as Iraq and Afghanistan. 


contour mapping). This system looks 
at the ground below it and compares 
the shape of the ground to a map stored 
in its memory. Any error found by 
TERCOM is used to correct the missile’s 
course. The latest cruise missiles also use 
GPS (Global Positioning System) to 
make sure that they stay on course. 

As the cruise missile closes in on its 
target, it switches to a different guidance 
system. This uses a camera in the mis- 
sile’s nose to look at the view ahead and 
compare it to an image of the target 
stored in its memory. When it spots the 
target, it flies straight toward it. 


Antimissile Missiles 

The only weapons that can stop ballistic 
missiles today are other missiles. The 
Patriot missile system uses radar to 
detect incoming missiles when they are 
50 miles (80 kilometers) away. The 
missile is fired from a launch tube. 


Within a second, it is flying faster than 
the speed of sound. Radar waves fired at 





(c) 2011 M.E. Sharpe, Inc. All Rights Reserved. 


MISSILE 


MISSILE AIM-9 


SIDEWINDER 


STINGER 


CRUISE MISSILE | MISSILE 

Length oS feet D he 25 heer 44 feet een 
(2.9 meters) (1.52 meters] (5.56 meters] (13.4 meters] (5.18 meters] 

Diameter | 0.5 feet 0.23 feet 1.7 feet 6.9 feet 0.8 feet 
(0.15 meters) (0.07 meters) (0.52 meters) (2.1 meters) (0.24 meters) 


BGM-109 
TOMAHAWK 


TRIDENT II (D5) 
BALLISTIC 


PATRIOT PAC-3 
ANTI-BALLISTIC 
MISSILE 


Wingspan | 2.1 feet 0.30 feet o oeer le? Teer 
(.64 meters) (0.09 meters) (2.67 meters] (0.52 meters] 


3 .380rmiles 
oer hour 
(5,438 kph) 


1,500 miles 
per hour 
(2,413 kph) 


5 miles (8.04 kilo- 
meters) distance, 
11,000 feet (3,353 
meters) altitude 


18 miles 
(28.96 kilometers) 


the target bounce back and are received 
by the missile, which flies toward it. The 
Patriot missile must explode at precisely 
the right split second to destroy the 
enemy missile. 

Patriot is a short-range antiballistic 
missile that can deal with small ballistic 
missiles and cruise missiles. The long- 
distance ICBMs are so fast and powerful 
that they have to be stopped much earli- 
er in their flight, when they are far away 
from their targets. The Strategic Defense 
Initiative (SDI) project of the 1980s, 
nicknamed “Star Wars,” was going to 
use laser battle stations in orbit to shoot 
down missiles as they climbed into 
space. Such powerful lasers have 


550 miles 
per hour 
(885 kph) 


690 miles 
(1,102 kilometers) 


Five times the 
Speed of sound 


18,000 miles 
oer hour 
(28,962 kph) 


12 miles 
(19.31 kilometers) 


4600 miles 
(7,401 kilometers) 





destroyed missiles in tests, but it is very 
difficult to get them to work well in the 
real world. The SDI program was eventu- 
ally abandoned. Antiballistic missiles are 
still being developed and tested to deal 
with ICBMs. As new threats appear in a 
changing world, future antiballistic mis- 
siles may be carried by ships at sea so 
that they can be moved within range of 
targets in different places. 


SEE ALSO: 
e Aircraft, Military e Ballistics 


e Bomber œ Fighter Plane © Global 
Positioning System e Radar ¢ Rocket 
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VOLUME GLOSSARY 


Please see Volume 5 for a complete glossary 
for all volumes. 


Acceleration Speeding up or (in scientific 
terms) slowing down or changing direction. 


Aerodynamic Shaped to move efficiently 
through air. 


Air current Movement of air in a certain 
direction—air currents include thermals, 
updrafts, slope winds, and mountain waves. 


Astronomy Study of objects in space. 


Atmosphere Blanket of gases forming the 
air that surrounds Earth and that performs 
the functions of absorbing sunlight, circulat- 
ing moisture, and protecting the planet. 


Autogiro Rotary-wing aircraft in which the 
rotor freewheels, or autorotates. An autogiro 
is moved forward by an engine-driven 
propeller, like an airplane. 


Ballast Something that gives or improves 
Stability, usually by adding weight. 


Carbon emissions Releases of carbon into 
the atmosphere from processes using energy 
from fossil fuels, such as burning fuel for 
vehicles or factories. 


Coaxial Mounted on a common axis. 


Drag Backward force on a moving object, 
such as an airplane, produced by the sur- 
rounding air resisting the movement of the 
object passing through it. 

Elevator Movable panel on an airplane’s 
tailplane that controls the aircraft’s pitch 
(movement about its lateral axis). 


Ellipse Oval shape. 


Flying wing Aircraft with no tail and with a 
fuselage and wings that are a single part. 
(Also called a blended wing or aerofoil). 


Force Influence that produces a change 
in motion or direction, such as a push or 
the thrust of a jet engine. 
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Friction Force that resists movement and is 
caused by surfaces catching together as they 
try to slide against each other. 


Fuselage Central part, or body, of an airplane. 


Glider Aircraft that can fly for long periods 
without the use of an engine. (Also called a 
sailplane). 


Gravity Attraction of objects to the center of 
Earth or to another planet or body. 


Ground effect Lift provided by the cushion 
of compressed air beneath an air-cushion 
vehicle (or hovercraft). 


Hang glider Small, lightweight aircraft with 
no engine that carries a person suspended 
in a harness below the wing, who uses body 
movements to control the aircraft. 


Hypersonic Five or more times faster than 
the speed of sound. 


Inertia Tendency of an object to stay as it 
is (either at rest or moving steadily) unless 
a force acts on it. 


Jet Nozzle through which fluids are forced 
to produce a thrust; or the rush of fluids 
produced by a jet; or an airplane with an 
engine that uses jet power. 


Lift Upward force produced by the effect 
of an airfoil shape passing through the 
Surrounding air. 


Mass Amount of matter of which an object 
is made. On Earth, an object’s weight is the 
Same as its mass. 


Microgravity Near-absence of measurable 
weight inside a spacecraft that creates a 
sense of weightlessness for the astronaut. 


Microlight Very light, powered aircraft. 
(Also called ultralight, recreational aircraft, 
and light-sport airplane). 


Momentum Property of all moving objects 
that is calculated by multiplying an object’s 
mass by its velocity. 
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Orbit Following a path, usually elliptical in 
shape, around an object; also the path of an 
orbiting object. 

Paraglider Hang glider, resembling a para- 
chute, with a parafoil and no rigid frame. 


Pitch Motion of an aircraft about its lateral 
axis that makes its nose tip up or down. 


Pressurized Maintained at a near-normal 
air pressure—for instance, the air in the 
cabin of a high-altitude airplane or a 
spacecraft. 


Propeller Set of blades, attached to a hub, 
that change an engine’s torque into the 
thrust that moves an aircraft through air. 


Propulsion Act of propelling, or driving 
something forward. 


Radar System that uses radio waves to 
detect and locate objects and movement. 


Radiation Form of energy released in invisi- 
ble waves and particles. 


Receiver Device in a radar system, radio, or 
telephone that receives signals and converts 
them into sound or visual data. 


Reconnaissance Exploratory survey to gain 
information. 


Rocket Type of jet engine used as a launch 
vehicle for spacecraft or as a missile when 
launched at a target. 


Roll Motion of an aircraft about its longitu- 
dinal axis that makes it bank to one side or 
the other. 


Rotor Turning part of a machine, such 
as the turning blades of a helicopter. 


Rudder Movable part on the tail fin of an 
aircraft used to control yaw. 


Satellite Any object that travels in orbit 
around another object, such as a moon 
around a planet. Satellites sent into orbit 
from Earth are sometimes defined as artifi- 
cial satellites. 


Scramjet (Short for supersonic combustion 
ramjet). Supersonic version of a ramjet. 


Shock wave Sudden and extreme rise in air 
pressure caused by a shock, such as the high 
speed of an aircraft passing through air. 


Spaceport Place where spacecraft are 
launched and can land. 


Stall Sudden loss of lift in an aircraft caused by 
the breakdown of smooth airflow over the wing. 


STOVL Short for short takeoff and vertical 
landing and used to describe an aircraft that 
takes off and lands in these ways. 


Supersonic Faster than the speed of sound. 


Terminal velocity Speed at which the forces 
of drag and gravity are equal and a falling 
object is no longer accelerating. 


Throttle Valve that regulates the flow of 
fuel to an engine, thereby increasing or 
decreasing thrust and speed. 


Turbine engine Type of rotary engine 

in which whirling blades are rotated by 
pressure from gas or other fluid. (Also called 
a gas turbine or just a turbine). 


Turbofan Turbine engine that uses a jet of 
gas to spin a fan at the front of the engine. 


Turboprop Turbine engine that uses a jet of 
gas to spin a propeller. 


Turboshaft Turbine engine that uses a jet 
of gas to spin the shaft that drives a heli- 
copter’s rotors. 


Vario/altimeter Electronic device used 

in gliders and hang gliders that indicates 
altitude, airspeed, and whether an aircraft 
is gaining or losing height. 

Vector Quantity that has size and direction. 


Wavelength Distance between one crest or 
compression of a wave and the next. 


Yaw Motion of an aircraft about its 
vertical axis that makes its nose turn 
to the left or right. 


381 


(c) 2011 M.E. Sharpe, Inc. All Rights Reserved. 


VOLUME INDEX 


2001: A Space Odyssey, 324 
A-20, 367 
A380 “super jumbo,” 263 
acceleration, 292-293, 350, 
351, 352 
accidents, 
aircraft, 275, 318, 322, 334 
airships, 308, 309 
gliders, 281, 296, 344, 359 
hang gliders, 296, 299 
space, 275 
aeolipile, 332 
aerodynamics, 343, 354-357, 
358 
aerostat, 357 
AeroVironment, Inc., 290 
AH-64 Apache, 307 
aileron, 283, 345 
air current, 285 
air travel, 262, 263 
Airbus, 263 
aircraft 
design, 348-349, 354, 355, 
356 
early, 344-347, 358-359 
manufacture, 263 
see also names of manu- 
facturers, names of 
aircraft models, 
types of aircraft 
aircraft carrier, 349 
airfreight, see cargo 
airline, 263, 316, 319 
airliner, 265, 332, 333, 349, 
351, 352, 354, 357 
manufacture of, 368-369 
airport, 262 
airship, 265, 308-311, 364, 365 
Akron, 311 
Aldrin, “Buzz,” 275 
altimeter, 285 
altitude, 282, 284, 287, 291, 
310 
Apache helicopter, 307 
Apollo, Project, 269, 278, 
339, 340, 367 
Armstrong, Neil, 275 
astronaut, 274, 275, 278, 303, 
334, 338 
effect of gravity on, 293 
Hall of Fame, 341 
on International Space 
Station (ISS), 270, 
324, 326, 327-331 
life in space, 327-331 
Mercury, 276, 277 
on the Moon, 269, 275, 
278, 293, 369 
notable, 276-279 
propulsion in space, 335- 
337 
on Space Shuttle, 314 
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astronaut (continued) 
see also cosmonaut 
Atlantic Ocean, 
capsule splashdown in, 278 
crossings of, 262, 309, 310, 
318 
Atlantis, 324, 325 
atmosphere, 264, 275, 278, 
288, 290, 312, 313, 326, 
329, 377 
autogiro, 301 
aviation, future of, 262-267 
B-2, 367 
B-52, 267, 349, 378 
balloon, 265, 298, 357 
barnstormer, 360 
Bell, Lawrence, 302 
Bell Aerospace Rocketbelt, 
336 
Bell Aircraft Corporation, 302 
Bell Model 47 H-13 Sioux, 
302 
Bell Model 209 Huey Cobra, 
302 
Berliner, Emile and Henry, 
300, 301 
Bernoulli’s Principle, 355 
biplane, 364, 365, 366 
bird, 267, 280, 284, 320, 323, 
354, 358 
blended wing body (BWB), 
265, 266 
Blue Angels, 349 
Boeing, 263, 266, 305, 317, 
368-369 
Boeing 707, 333, 367 
Boeing 747, 263, 309, 356, 
368, 369 
Boeing 767, 368, 369 
Boeing 777, 333, 367, 368, 
369 
Boeing 7E7/787 Dreamliner, 
263, 265 
Boeing Monomail, 348 
Boeing P-26A, 366 
bomb, 267, 375 
see also missile 
bomber, 267, 349, 367 
Boucher, Robert, 290 
Brahe, Tycho, 353 
Braun, Wernher von, 324 
Breguet, Louis, 301 
Brewster, Owen, 319 
Britain, Great, 308, 333, 363 
British Aerospace, 267 
Brown, Janice, 290, 291 
Bush, President George W., 
268 
C-5 Galaxy, 349 
Canadian Space Agency 
(CSA), 270, 325 
Cape Canaveral, 339-340, 341 


Cape Kennedy, see Cape 
Canaveral 
cargo, 262, 271 
Carpenter, Scott, 276 
Caspian Sea Monster, see KM 
Cassini, 273 
Caudron, 365 
Cayley, Sir George, 280-281, 
300-301 
CH-47 Chinook, 305-306 
CH-53 Super Stallion, 304 
Challenger, 313 
Chanute, Octave, 281, 344 
China, 263, 280, 343 
Chinook helicopter, 305 
Clarke, Arthur C., 270 
Clinton, President Bill, 289, 
325 
cockpit, 
glider, 283, 284 
microlight, 370 
Cody, Samuel, 342 
Columbia, 270 
Columbus, 270 
commercial aircraft, 333 
see also airliner, 
individual aircraft, 
types of aircraft 
Constellation (airplane), 319 
Constellation Program, 269, 
338, 339 
control surface, 344 
convertiplane, 301 
Cooper, Leroy Gordon, 276 
Cornu, Paul, 301 
Corot, 273 
Corrigan, Douglas, 363 
cosmonaut, 274-275, 277, 
324, 326, 331, 335 
Crew Exploration Vehicle, 
269 
CV-22 Osprey, 301 
Da Vinci, Leonardo, 300 
Davis, General Leighton, 278 
Debus, Kurt H., 339 
Deep Impact, 340 
Derwitzer, 359 
Destiny, 325,327, 328 
Discovery, 279, 313, 326, 335 
Douglas Aircraft Company, 
367 
drag, 283, 322, 337, 348, 
354-357 
drone, 266, 267 
Duo Discus, 285 
Duque, Pedro, 294 
Earth orbit, 269, 274, 275, 
276, 277, 278, 287, 312, 
313, 324, 331 
Eckener, Dr. Hugo, 308 
Eddy, William A., 342 
ekranoplan, 334 
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electric aircraft, 262, 265, 
266, 290 
electronics, 368 
elevator, 345 
Endeavour, 325 
engine, 264, 267, 280, 294, 
364 
airship, 309 
failure, 357 
gasoline, 345 
glider, 281, 345 
helicopter, 300, 301, 302, 
304 
ion, 271-272 
jet, 304, 332, 333, 375, 377 
piston, 302, 304, 333 
steam, 301 
turbine, 267, 333 
turbofan, 333 
turboprop, 333 
turboshaft, 304 
England, 333, 363 
English Channel, 290, 291 
environmental issues, 263, 
268 
Europa, 272 
Europe, 270, 286, 325 
see also individual 
countries 
European Automated Transfer 
Vehicle (ATV), 270, 327 
European Space Agency 
(ESA), 270, 272, 325 
experimental aircraft, 267, 
280, 290, 318, 344, 
358; 359 
Explorer, 339 
extra-vehicular activity 
(EVA), 335 
F-15 Eagle, 266 
F-22, 367 
F-35 Joint Strike Fighter, 267 
F-104 Starfighter, 355, 356 
F-117 Nighthawk, 367 
F/A-18 Hornet, 349, 374 
Federal Aviation 
Administration (FAA), 
263, 285, 370 
fighter plane, 266, 332, 333, 
334, 352, 366, 367 
Fincke, Mike, 329 
Firehawk helicopter, 303 
flap, 283, 284 
floatplane, 370 
Flyer, 344-347, 364 
flying boat, 316, 318 
flying car, 265 
flying wing, see blended wing 
body (BWB) 
Focke-Achgelis FW-61, 301 
France, 266, 290, 299, 308, 
347, 365, 371 
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Galileo, 272 
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glider and gliding, 262, 265, 
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glide ratio, 282-283, 356 
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helicopter (continued) 
use of, 306-307 
Helios Prototype aircraft, 262 
helium, 309 
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design of, 309 
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Mitchell, Billy 


Date of birth: December 29, 1879. 
Place of birth: Nice, France. 

Died: February 19, 1936. 

Major contributions: Led U.S. air forces 
in World War |; promoted the use of 
military aircraft. 

Awards: Distinguished Service Cross; 
Distinguished Service Medal; 
Congressional Medal of Honor. 


he son of a U.S. senator from 
[wisconsin Billy Mitchell was 18 

years old and still at college when 
the Spanish-American war began in 
1898. He immediately volunteered for 
the army, entering as a private. His 
father used his influence to gain 
Mitchell a commission as an officer. 
Mitchell was assigned to the Signal 
Corps, the group that sent messages 
from one military unit to another. In 
combat, the young officer showed brav- 
ery and quick thinking. 


World War I 

Mitchell remained in the army after the 
Spanish-American war ended. As early 
as 1906—just three years after the 
Wright brothers took the first airplane 
into the sky—Mitchell predicted that 
future wars would be fought in the air. 
In 1912, by then a captain, Mitchell 
joined the Army General Staff as the 
youngest officer in that prestigious unit. 
While in Washington, D.C., Mitchell 
began his lifelong mission of urging the 
military to develop air power. 
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©) This photograph of Billy Mitchell with his U.S. 
Army plane was taken in 1920. 


In his spare time, Mitchell learned to 
fly and gained his pilot’s license. In 
1915, he was assigned to the arm of the 
Signal Corps that was charged with 
developing a small air force. When the 
United States entered World War I in 
1917, Mitchell was sent to France. He 
began talking to leading military figures 
from other nations allied with the United 
States who were interested in military 
aircraft. One of them was British gener- 
al Hugh “Boom” Trenchard. The general 
argued strongly that air power should 
play an important role in allied opera- 
tions. He is credited with advancing the 
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THE U.S. AIR SERVICE 
IN WORLD WAR | 


Witetiaaune United siate entered 
World War |, Its military air service 
was very small. The group numbered 
only 131 officers and about 1,000 
enlisted men. It had fewer than 250 
aircraft. The only manufacturing 
company in the country that could 
produce large quantities of planes 
belonged to Glenn Curtiss. He pro- 
duced many of his famous “Jenny” 
training planes, and they helped the 
me er OCERIN ECVET tne suinimed 
States did not produce a single com- 
bat airplane during the war. 


role of military aircraft and in building 
Britain’s Royal Air Force. 

Mitchell agreed with Trenchard’s 
ideas, and he went to work to create a 
U.S. air service. He began building air- 
fields near places where American 
troops were stationed. Other officers 
often found Mitchell’s personality to be 
brash and annoying, but he was deter- 
mined to carry out his plan. 

Mitchell was put in charge of all 
Allied aircraft during the Battle of St. 
Mihiel in September 1918. Mitchell com- 
manded almost 1,500 planes—at the 
time, the largest air force ever assem- 
bled. In another battle later that fall, he 
sent massed forces of planes to carry out 
bombing missions. 








O Billy Mitchell's success in World War I led to 
his promotion to the rank of brigadier general. 
As second in command of the U.S. air service, he 
pushed for an independent air force. 


Advocate of Air Power 

Mitchell was promoted to the rank of 
brigadier general for his service in World 
War I. After the war, he returned to the 
United States as second in command of 
the air service. Mitchell urged research 
into better bombing sights, more power- 
ful aircraft engines, and torpedoes that 
could be dropped by plane. He wanted to 
build planes that could carry troops and 
to form a separate air force with an inde- 
pendent command. He also managed to 
form an aerial force to fight forest fires. 
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Mitchell made sure that aviation 
stayed in the news and in the minds of 
Americans. He sent his pilots on speed 
and endurance flights to build publicity. 
In 1922, Lieutenant James Doolittle 
became the first person to fly across the 
United States in less than a day. The 
next year, Lieutenants John Macready 
and Oakley Kelly made headlines by fly- 
ing across the country nonstop. In 1924, 
Mitchell sent eight airmen in four planes 
to fly around the world. Two of the 
planes crashed along the way, but two 
arrived back in Seattle, Washington 
State (their departure point), six months 
and 26,345 miles (42,389 kilometers) 
after taking off. 


Opposition 

Mitchell’s work met resistance, however. 
Senior officers were not yet willing 
to accept the idea that air power would 
be important. They were outraged at 
Mitchell’s charge that battleships had 
become outdated. At that time, U.S. 
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battleships were the largest and most 
powerful ships in any navy. Naval offi- 
cers insisted that the defense of the 
United States depended on a fleet of 
these ships to block any invasion of the 
nation. 

Mitchell countered that the ships 
could easily be destroyed by air. He 
campaigned in the press for the right to 
test his theories. He suggested a simulat- 
ed attack on a German battleship seized 
at the end of World War I. In June and 
July 1921, Mitchell got his chance. In 
tests, as he had predicted, aircrews sank 
several ships, including four battleships. 
“No surface vessels can exist wherever 
air forces acting from land bases are 
able to attack them,” Mitchell wrote. 

Although proven correct, Mitchell 
remained unpopular in military circles. 
He continued to use the press to accuse 
senior military officers of ignoring air 
defenses. He toured U.S. naval bases in 
the Pacific Ocean and issued a stark 
warning: “If our warships [at Pearl 
Harbor, Hawaii] were to be found bottled 
up in a surprise attack from the air and 
our airplanes destroyed on the ground 
... It would break our backs. The same 
prediction applies to the Philippines.” 

Mitchell’s words proved uncannily 
accurate years later, when the Japanese 
severely damaged U.S. ships and 
grounded airplanes with the 1941 attack 
on Pearl Harbor from the air. 


Ç In one of Billy Mitchell's tests to prove the 
value of air power, an MB-2 aircraft successfully 
blew up an obsolete battleship in 1921. 
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©) In 1925, Billy Mitchell (standing) was court- 
martialed and found guilty of insubordination. 


Court-Martial 

In early 1925, Mitchell’s appointment in 
the U.S. Air Service expired. Instead of 
renewing it, army commanders sent him 
to an isolated military base in Texas. 
Later that year, the navy suffered two air 
disasters when a seaplane broke down 
and a dirigible exploded. Mitchell 
immediately released a stinging attack 
on the heads of the navy and the army, 
accusing them of “almost treasonable 
negligence of our national defense.” 

His superiors had had enough, and 
they convened a court-martial. Mitchell 
was charged with insubordination (not 
obeying senior officers). After a seven- 
week trial he was found guilty. The ver- 
dict was suspension from duty for five 
years, but Mitchell decided to resign 
from the U.S. Army altogether. 


Mitchell spent his remaining years 
writing and speaking to promote the 
ideas he had long advanced. He became 
ill in the mid-1930s and died at the age 
of fifty-six. During World War Il, 
Mitchell’s basic argument was proven 
true. Air power proved vital to Allied 
victory in both Europe and the Pacific. 

In April 1942, a few months after the 
attack on Pearl Harbor, U.S. bombers 
attacked Japan using B-25s, nicknamed 
“Mitchells.” 

In 1946, ten years after his death, the 
U.S. Congress voted to award Mitchell a 
Congressional Medal of Honor, in trib- 
ute to foresight. 


SEE ALSO: 
e Aircraft, Military è Curtiss, Glenn 


e World War I @ World War II 
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Momentum 


omentum is a property of all 

Ñ / moving objects, including both 

aircraft and spacecraft. An 

object’s momentum is calculated by 

multiplying its mass by its velocity. 

Velocity is a vector—it has direction as 

well as size. Momentum, therefore, is 
also a vector. 

A ball rolling down a hill gathers 
momentum as it goes faster and faster. 
A skydiver jumping out of a plane gath- 
ers momentum as gravity accelerates his 
or her rate of motion toward the ground. 

Momentum depends on mass as well 
as speed, so a massive aircraft, such as a 
jumbo jet, has a lot more momentum 


€) Marbles on a slope gather momentum 
as they roll. Objects with higher mass have 


more momentum. 





than a smaller, lighter plane flying at 
the same speed. If an aircraft speeds up, 
its momentum increases. If it slows 
down, its momentum decreases. When it 
lands and comes to a stop, its momen- 
tum falls to zero. 


The Law of Conservation 

of Momentum 

When two or more objects exert forces 
on each other, their total momentum 
always stays the same. This is called the 
law of conservation of momentum, and 
it helps to explain why aircraft and 
rockets move. 

A rocket engine sends out a high- 
speed jet of gas when it is fired. The 
rocket exerts a force on the gas and, 
according to Newton’s third law of 
motion, the gas reacts by exerting an 
equal and opposite force on the rocket. 
The jet of gas has momentum in one 
direction. The only way that the total 
momentum of the rocket and gas can 
remain the same is if the rocket gains 
the same momentum in the opposite 
direction. So, the rocket moves. The 
same conservation law applies to air- 
craft. The momentum of the gas rushing 
out of an aircrafts jet engines is equal 
and opposite to the plane’s momentum. 


Angular Momentum 

The momentum of an aircraft or space- 
craft traveling in a straight line is called 
linear momentum. The momentum of 
something that spins is called angular 
momentum. An object’s total angular 
momentum stays the same if no other 
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©) The Hubble Space Telescope is steered and 
steadied by momentum wheels. 


forces act on it. This is also known as the 
law of conservation of angular momen- 
tum. It can be used to control the move- 
ment of a satellite in space. 

The direction in which a satellite 
points is known as its attitude. Devices 
called momentum wheels, or reaction 
wheels, are often used to control a satel- 
lite’s attitude. Inside the satellite, three 
wheels at right angles to each other are 
spun by motors. If a wheel is made to 
Spin in one direction, then—to conserve 
angular momentum—the spacecraft must 
Spin in the opposite direction. 

The advantage of using momentum 
wheels to turn a satellite is that they use 
no fuel. If rocket thrusters or gas jets 
were used for attitude control, the satel- 
lite could only be controlled for as long 
as the fuel or gas lasted. After that time, 
the satellite would be out of control. 


Momentum wheels should keep working 
as long as the satellite because they are 
powered by electricity generated from 
sunlight by solar panels. 

Momentum wheels can turn a satel- 
lite to point at a precise part of the sky. 
The Hubble Space Telescope can take 
several hours to make an image of a 
very distant star or galaxy. It must point 
in exactly the same direction, without 
wavering, to capture a sharp image 
while it orbits Earth. The telescope uses 
momentum wheels to achieve this. Most 
Earth-orbiting satellites use momentum 
Wheels to keep their antennae, solar 
panels, cameras, and other instruments 
pointing in the right direction. 


SEE ALSO: 
e Force è Gravity ¢ Hubble Space 


Telescope ¢ Laws of Motion œ% Rocket 
e Satellite eSpeed 
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Montgolfier, 


Jacques-Etienne 
and Joseph-Michel 


Dates of birth: Joseph-Michel: August 26, 
1740; Jacques-Etienne: January 6, 1745. 
Places of birth: Joseph-Michel: 
Blaruc-les-Bains, France; Jacques-Etienne: 
Annonay, France. 

Died: Joseph-Michel: June 26, 1810; 
Jacques-Etienne: August 2, 1799. 

Major contributions: Invented the first 
successful lighter-than-air balloon; carried 
out first flight of a manned balloon. 
Awards: Order of Saint Michel. 


he Montgolfier brothers were the 
Li sons of a prosperous paper manu- 


facturer from southern France. 
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©) This double portrait of the Montgolfier 
brothers was based on a relief sculpture of 
their profiles made by Jean-Antoine Houdon. 
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Joseph-Michel was interested in science 
and had few business skills. Jacques- 
Etienne was trained to take over the 
family business. 

During the early 1780s, Joseph- 
Michel noticed that a piece of paper rose 
in the hot air of a chimney. He started 
thinking about building a device that 
could use this effect to rise into the sky. 
Joseph-Michel built a small box of light- 
weight wood and covered it with fabric. 
He placed a wad of paper underneath 
the container and set the paper on fire. 
The container rose in the air until it hit 
the ceiling. 

Joseph-Michel showed this discovery 
to his brother, and they began experi- 
menting. In December 1782 the 
Montgolfiers built a larger container and 
tested it outside. The object rose nearly 
70 feet (21 meters) on heated air and 
stayed aloft for a minute or so. The 
Montgolfier brothers went on to have 
more successful experiments. They built 
two larger globe-shaped containers held 
down by long ropes. The globes rose 
when heated, although they did not fly 
because of the ropes. 

The Montgolfiers then prepared a 
large balloon to show the public their 
invention. They made a sphere out of 
tough sackcloth, covered it with four 
fabric panels held together by buttons, 
and surrounded the entire structure with 
netting to keep everything in place. On 
June 4, 1783, the Montgolfiers brought 
their invention to a square in their 
hometown of Annonay and lit a fire 
underneath the balloon. As a crowd 
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= On September 19, 1783, 
the Montgolfier balloon rose 
over the French royal palace 
of Versailles, watched by the 
king and queen and a large 

crowd of spectators. 


watched in amazement, 
the balloon rose. The 
brothers estimated that 
it reached 6,000 feet 
(1.8 kilometers). Carried 
by the wind, it traveled 
about 1.2 miles (2 kilo- 
meters) before coming back to land. 

The Montgolfiers took their discovery 
to Paris, where Jacques-Etienne demon- 
strated another balloon for members of 
the Academy of Sciences in mid- 
September 1783. King Louis XVI and 
Queen Marie Antoinette asked to see the 
invention for themselves. Accordingly, 
on September 19, 1783, Jacques-Etienne 
sent another balloon aloft. This time he 
attached a basket that carried a sheep, a 
rooster, and a duck. The balloon rose 
and floated on air for nearly 10 minutes, 
landing more than 1 mile (1.6 kilome- 
ters) away. 

The first person to reach the balloon 
after it landed was a physician, Jean- 
Francois Pilatre de Rozier. Excited, he 
volunteered to go aloft. During the next 
few weeks, Jacques-Etienne built a bal- 
loon that measured 75 feet (23 meters) 
high and 46 feet (14 meters) across. It 
had a basket with a container that could 
hold and sustain a fire to keep the bal- 
loon aloft. The brothers tested it several 





times with Jacques-Etienne or de Rozier. 
on board but with the balloon held down 
by ropes. Then, on November 1, 1783, de 
Rozier and a French army major entered 
the basket and lit the fire. Once the bal- 
loon was cut loose, it rose into the air. 
They cruised for 25 minutes, traveling 
about 5 miles (8 kilometers) over Paris. 

The brothers continued experiment- 
ing. On January 19, 1784, Joseph- 
Michel went aloft along with de Rozier 
and five others. Thereafter, the 
Montgolfiers abandoned balloons and 
devoted themselves to other work. 
Joseph-Michel tinkered with some 
experiments not connected to flying. 
Jacques-Etienne returned to papermak- 
ing and invented a method for making 
vellum, a strong kind of paper. 


SEE ALSO: 


e Aerodynamics ¢ Aeronautics 


e Balloon 
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Myths and Legends 


umans have long been fascin- 
H with flight, as ancient 
myths and legends reveal. Some 
stories were about flying gods, while 
others told of magical winged creatures. 


Some of the most interesting tales told 
of bold humans who attempted to fly. 


Gods of the Air 

It is not very surprising that ancient 
humans—bound to Earth—would believe 
their gods had the ability to fly. This 
ability underscored the difference 
between the human and the divine. 

Some gods simply moved through 
the air in unexplained ways. Others are 
shown with wings. The ancient Egyptian 
god Horus had the body—or sometimes 
just the head—of a falcon. Garuda, a 
god of ancient India, had the body and 
arms of a human and the wings, head, 
and claws of an eagle. The Zoroastrian 
religion of ancient Persia showed its 
chief god, Ahura Mazda, with large 
wings—in some depictions, in fact, the 
god is just a circle flanked by huge 
wings. The Greek gods Eros and Nike 
were also shown with wings. 

While many ancient gods could fly, 
this ability is generally not a central fea- 
ture of myths about them. An exception 
is Helios, the Greek god of the Sun. He 
rode a chariot through the sky each day, 
carrying the Sun on its daily journey. 

One interesting Greek myth tells of 
the dangers of misusing the power to fly, 
even for the gods. One day, Phaeton, the 
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©) The Egyptian god Horus was depicted as a 


falcon. People of ancient civilizations believed 
many of their gods had the ability to fly. 


son of Helios, drove his father’s golden 
chariot on his own. The young god did 
not have the strength or experience of 
his father, however, and the horses 
pulling the chariot went out of control. 
Zeus, king of the gods, knew that Earth 
would be scorched if this continued. He 
threw a thunderbolt to stop the runaway 
chariot. The horses returned to their nor- 
mal course, saving humankind, but the 
young god was killed. 

There are other ancient mythologies 
that include flying vehicles used by the 
gods. Baal, the god of the Canaanite 
people who lived in what is now Israel, 
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rode a chariot of clouds. Indian myths 
are full of stories about flying vehicles 
called vimanas, which the Hindu gods 
often used in battle. 


Creatures with Wings 

Along with gods and goddesses, 
mythologies are full of flying creatures, 
such as the winged horse Pegasus. 
Dragons are found in legends across the 
world, and many cultures depict them as 
having the power to fly. 

The Oni of Japan were humanlike 
flying demons who used their sharp 
claws to take hold of the spirits of dying 
people who had led evil lives. Ireland 
had evil spirits that traveled on the west 
wind to grab the souls of the dying. 
Vampires also may fly, either on their 
own or by turning themselves into bats, 
depending on the version of the legend. 

Some flying creatures were part 
human and part spirit. The Smaj of 
Serbia served as the protectors of the 
Serbian people and could spit fire on 
enemies from the air. The Kanae of 
Polynesia changed into flying fish, giv- 
ing them the ability to travel through 
water or alr. 

The Jewish and Christian faiths also 
include creatures that can fly. The good 
ones, of course, are angels. The evil ones 
are demons, who carry out the work of 
Satan. Not all accounts of these crea- 
tures give them wings, but they were 
typically shown that way from the 
Middle Ages onward. 

The mythology of Malaysia provides 
a different twist. It tells the tale of 


PEGASUS AND BELLEROPHON 


Bellerophon, a figure of Greek mytho- 
logy, was a Skilled horseman. During his 
travels, he was given the difficult task of 
fighting the Chimera, a monstrous beast 
that was part lion and part dragon. 
Acting on the suggestion that he use the 
winged horse Pegasus, Bellerophon 
placed a golden bridle—given to him by 
the goddess Athena—on the steed, 
thereby taming him. Mounted on 
Pegasus, Bellerophon killed the Chimera. 
Bellerophon lived happily for many 
years until he decided to take another 
ride on Pegasus. Foolishly, he set his goal 
as Mount Olympus, home to the gods. 
Enraged by Bellerophon's boldness, Zeus 
sent a fly that bit Pegasus, causing the 
horse to buck. The sudden move threw 
Bellerophon from his mount, and he fell 
toward Earth. Athena prepared a soft 
landing for him on the ground, prevent- 
ing his death. Bellerophon was left crip- 
pled, however, and Pegasus flew away. 


© This tomb in Turkey is the place where 
Bellerophon is supposedly buried. 
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Sheikh Ali, an evil ruler who controlled 
three armies of flying animals—horses, 
lions, and elephants. 


Flying People 
Stories about people who fly appear in 
cultures across the world. People of East 
Africa imagined Kibaga, a warrior hero, 
who soared over his enemies, dropping 
rocks on their heads. The Incas of 
ancient Peru told of Ayar Utso, who 
grew wings and flew up to the Sun. 
Koroglu, of Azerbaijan, mounted a horse 
that grew wings and carried him into the 
sky. Gatutkaca, from Java, had a magi- 
cal jacket that allowed him to fly. 
Perhaps the most famous myth about 
flying is the ancient Greek story of 
Daedalus and his son, Icarus. Daedalus 
had been brought by King Minos to the 
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©) The myth of Icarus is one of the most endur- 


ing stories of people's attempts to fly. This print 
shows Icarus falling from the sky after his wax 
wings melted in the heat of the Sun. 


island of Crete to work for him. After 
Daedalus helped Minos’s rival, Theseus, 
Daedalus knew that he and his son were 
in danger. For years, the two had secret- 
ly been making two pairs of wings out 
of eagle feathers attached to reeds by 
string and beeswax. Although the wings 
had not yet been tested, Daedalus and 
Icarus decided to use them to escape. 
Before setting out, Daedalus warned 
his son not to fly too close to the sea, 
lest the spray of the waves wet the wings 
and cause him to fall. He also cautioned 
Icarus not to soar too high, which would 
allow the Sun’s heat to melt the wax and 
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destroy the wings. With those warnings, 
father and son put on the wings, climbed 
to a tower, and launched themselves. JATAYU AND SAMPAATI 

The two soared over the sea, but 
Icarus was soon overcome with the thrill 
of flying. Forgetting his father’s cau- 
tions, he began to climb higher and 
higher. Just as Daedalus had warned, the 
Sun’s heat melted the wax holding his 
wings together. As the feathers fell off 
his arms, Icarus plunged into the sea 
and drowned. 

The Greek hero Perseus fared some- 
what better. His quest was to kill 
Medusa, a monstrous woman with 


Hindu mythology has a story similar 
to that of Daedalus and Icarus. The 
brothers Jatayu and Sampaati were 
the children of the flying god 
Garuda. Half-gods, they had the 
form of vultures. The two brothers 
competed to see who could fly 
the highest. One day Jatayu soared 
higher than his older brother. 
Sampaati feared that the Sun would 
scorch his brothers wings. He 
climbed above Jatayu to protect him. 
Jatayu was saved, but Sampaati's 
wings were scorched off his back, 
causing him to fall to Earth. 


© A colorful Indian carving shows Garuda, the 
flying carrier of the god Vishnu. In Hindu mythol- 
ogy, Garuda wears a crown and Is huge enough to 
block out the Sun. 
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SANTA CLAUS 


Based on the story of a Christian 
saint, the legend of Santa Claus 
draws on elements from Holland, 
Germany, and Russia. Although this 
legend is hundreds of years old, 
Santa Claus's ability to fly is rather 
recent. In 1823 an American named 
Clement Moore published a poem 
called “A Visit from Saint Nicholas.” 
In the poem, Moore described how 
reindeer fly through the sky to take 
Santa from rooftop to rooftop, 
enabling him to reach every house. 
This airborne means of travel has 
become an important part of the 
Santa Claus myth. 


U.S. CONFECTION CO, | 
__ SAW.B’OWAY WY. 


©) By the mid-1800s, Santa Claus, 
depicted here on an 1868 box of candy, 
had become part of the American 
Christmas tradition. 


snakes for hair who was so ugly and evil 
that anyone who looked at her face 
turned to stone. With help from the 
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gods, Perseus obtained a pair of winged 
sandals that he used to fly to Medusa’s 
lair. He also borrowed the helmet of 
Hades, the god of the underworld, which 
made him invisible. With that ability, he 
could approach the monster unseen. As 
he arrived, Perseus looked at the mon- 
ster’s reflection in his shield, rather than 
directly at her face. Thus protected from 
her power, he was able to slay her. 

Perseus did not suffer any evil conse- 
quences as a result of his flying. Unlike 
Bellerophon, he did not risk the gods’ 
anger. Instead, he gave the winged san- 
dals to the god Hermes. 

The German legend of Wieland fea- 
tures an ironworker who fell in love 
with a beautiful swan-maiden. They 
married and lived happily for a time, but 
the swan-maiden yearned again for the 
freedom of flight and left him. Wieland 
was captured by an evil king who forced 
him to make weapons and other goods. 
Eventually, Wieland fashioned a suit 
with wings, which he used to escape 
from the evil king’s dungeon. After 
killing the king with arrows and gaining 
his revenge, he fulfilled his other goal 
by joining his swan-wife in the sky. 


Kings and Emperors 

Kings and emperors often appear in leg- 
ends about flying. The earliest known 
story of a flying person—about 4,500 
years old—is the legend of King Etana of 
Sumer in Mesopotamia (modern-day 
Iraq). The king and his wife were not 
able to have a child, and he desperately 
wanted an heir. Following the instruc- 
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tions of the sun god, he freed a captured 
eagle. The bird carried King Etana to 
heaven, where he begged the goddess 
Ishtar for a child. She gave him a plant 
that both he and his wife ate, and the 
treatment worked. 

Nearly as old is the Chinese legend of 
the emperor Shun. He used two over- 
sized hats to fly. Once he employed this 
device to escape a burning tower. On 
another occasion, he used it to fly 
around his empire. 

The Persians also told of a king who 
flew. The vehicle that King Kai Kawus 
used was of ingenious design. Workers 
attached long poles to the four corners 
of this throne. They tied meat to the top 
of each pole, and at the bottom of each 
pole they chained an eagle. When the 
eagles grew hungry, they beat their 


wings in an effort to reach the meat. 
That motion carried the throne aloft. 
This method worked, and the eagles car- 
ried the king into the sky. Unfortunately, 
they grew tired and stopped flapping 
their wings. When that happened, the 
throne tumbled to the ground. 

A similar story involves the Greek 
conqueror Alexander the Great. He tied 
hungry griffins to poles attached to his 
throne. Griffins were half lion and half 
eagle. Alexander’s story ends with a 
more direct moral than that of Kai 
Kawus, however. His vehicle stayed in 
the air for a week and brought him near 
the heavens. An angel then appeared 
and asked him why he wanted to see the 


©) This stone carving of a griffin is on the fourth- 
century B.C.E. Temple of Apollo in Didyma, Greece. 
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heavens when he did not yet understand 
everything about life on Earth. Humbled, 
the conqueror returned to land. 

Britain also has an ancient legend of 
a king who flew. King Bladud, who 
reigned in the ninth century B.C.E., had 
great intelligence and practiced magic. 
He fashioned a pair of feathered wings 
and launched himself into the air. 
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However, the king’s flight ended in dis- 
aster. In some versions of the story, he 
plunged to his death. In others, he 
Slammed into a wall. Either way, he lost 
his life and his kingdom, which was then 
inherited by his son—Lear. King Lear 
then became the subject of another leg- 
end, which was immortalized in a tragic 
play by William Shakespeare. 


One Thousand 

and One Nights 

A classic collection of 
stories from medieval 
times is One Thousand 
and One Nights. These 
tales from Southwest Asia 
relate the adventures of 
kings and councillors, 
fishermen and merchants, 
soldiers and slaves. In this 
world of magic and mys- 
tery, some stories involve 
that age-old dream of 
humans flying. 


G By the 1800s and 1900s, 
science fiction had replaced 
ancient myths and legends 
about flight. Author Jules Verne 
described a journey to the 
Moon and back in From the 
Earth to the Moon (1865). The 
launch of Verne's fictional craft 
(illustrated here) took place in 
Florida, which later became 

the real launch site for the 

U.S. space program. 
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In the tale of an enchanted 
horse, a Hindu man crafted a 
wooden horse that could fly. A 
Sultan’s son used the horse to 
fly, whereupon he met a beau- 
tiful princess and fell in love. 
The princess ended up being 
the captive of another ruler, 
and the prince used the horse 
once again to save her. 

In his second of seven voy- 
ages, the famous sailor Sinbad 
flew. He did so by tricking 
large birds to carry him out of 
difficult spots. In the course of 
this adventure, he also gained 
a fortune in diamonds. 

A third tale from this leg- 
endary collection involves a 
magic carpet. Three princes all 
hoped to marry the same 
young woman. They agreed to 
a proposal that the one who 
brought back the most unusual 
gift would win her hand. One 
of them found a magic carpet 
in a market and bought it. The 
three princes used the carpet 
to fly to the woman’s rescue, 
saving her life. In the end, 
however, the prince who had 
bought the carpet became a 
holy man instead of marrying 
the young woman. 


SEE ALSO: 


e Bird e Wing 
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MODERN MYTHS 


Myths from many different cultures tell of gods 
who come down to Earth to meet with humans. 
Some people claim that these stories reveal vis- 
its from space travelers in ancient times and 
that some ancient drawings show gods in 
Spaceships or wearing helmets. Scientists dis- 
miss these claims, however. Today, stories about 
aliens from other planets focus on unidentified 
flying objects, or UFOs. Since UFO sightings in 
Washington and Idaho gained great media 
attention in 1947, sightings of UFOs have 
increased dramatically. By the 1950s, some 
people were beginning to connect UFOs with 
religious and supernatural beliefs. Claims of 
UFO sightings are most common in the United 
States. The kinds of UFOs people report most 
frequently are flying saucers or moving lights. 


> A photograph 
from the files 

of the Central 
Intelligence Agency 
(CIA) shows what 
the photographer 
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claimed was a 

UFO over New 
Jersey in 1952. 
Many UFO images 
appeared in the 
period, and there 
was much doubt 
about the authen- 
ticity of the images. 
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NASA 


he National Aeronautics and 
T Space Administration (NASA) is 

the U.S. national space agency. It 
was formed in 1958 for advanced aero- 
nautics research and space exploration. 
NASA is a federally funded organiza- 
tion, employing thousands of engineers, 
scientists, and professionals in aerospace 
research. Its work includes developing 
new airplanes and spacecraft and testing 
new technologies. 

NASA has been associated with many 
of the most dramatic and historic 
episodes in the history of spaceflight—it 
achieved worldwide recognition in the 
1960s when it sent astronauts to the 
Moon. NASA’s work continues into the 
twenty-first century, with manned 
spaceflights and with space probes that 
explore the Solar System. It is the 
world’s leading space agency, ahead of 
the Russian federal space agency and the 
European space agency. 

NASA scientists and engineers are 
also engaged in research projects 
concerning transportation and the envi- 
ronment. Images taken from NASA 
sources, such as space telescopes and 
probes, have excited the imaginations of 
people around the world. NASA’s exten- 
sive educational and media programs 
provide information about space and 
space technology. 


NACA 
The predecessor to NASA was known as 
the National Advisory Committee for 
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Aeronautics (NACA), which was founded 
in 1915. This body was responsible for 
important early research into airplane 
flight, using research airplanes and wind 
tunnels. By modern standards NACA 
was small—in 1938 it had a staff of just 
over 400 people. 

After World War II (1939-1945), 
NACA expanded its activities into the 
realm of supersonic flight, working 
closely with the U.S. Air Force on the 
record-breaking X-1 airplane and 
other projects. In the late 1940s, the 
Department of Defense urged scientists 
to work with the military on missile 
experiments. At the same time, scientists 
were pressing for rockets to be sent into 
Space for research. President Dwight D. 
Eisenhower approved a plan to launch a 
science satellite as part of the 
International Geophysical Year, sched- 
uled for July 1957 to December 1958. 
The chosen rocket vehicle for the satel- 
lite launch was the Naval Research 
Laboratory’s Vanguard rocket. 

The Vanguard Project was under- 
funded and slow to get off the ground. 
The United States was shocked when, in 
October 1957, news broke that the 
Soviet Union had beaten America into 
space by launching the world’s first arti- 
ficial satellite, Sputnik 1. Many people 
in the United States became concerned 
that there was a widening gap between 
Soviet and U.S. space science. American 
scientists quickly responded to the chal- 
lenge, launching the nation’s first satel- 
lite, Explorer 1, in January 1958. Despite 
this achievement, however, there were 
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calls for a new agency to drive forward 
the national effort in the “space race.” 


. Nev A enci y 
On Relies 1, 1958, Congress created a 
new organization “to provide for 
research into the problems of flight with- 
in and outside the Earth’s atmosphere, 
and for other purposes.” This new organ- 
ization was the National Aeronautics and 
Space Administration, or NASA. 

NASA had broad goals linked to the 
needs of national defense and the 
advancement of U.S. space science. It 
was hoped, through the direction of a 
single agency, that NASA would avoid 
the duplication of effort that had 
occurred through separate U.S. Air 
Force, Army, and Navy rocket programs. 


s 
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When NASA came into being on 
October 1, 1958, it absorbed NACA’s 
employees (there were by then 8,000 of 
them) and its three major research labo- 
ratories: Langley, Ames, and Lewis. 
NASA also acquired the facilities operat- 
ed by the Jet Propulsion Laboratory 
(JPL). This lab, run by the California 
Institute of Technology for the U.S. 
Army and the U.S. Army Ballistic Missile 
Agency, was where rocket pioneer 
Wernher von Braun and other engineers 
were at work on long-range missiles. 


€) The drafting room at the NACA Airplane 
Engine Research Laboratory in the early days was 
a long way from the high-tech NASA facilities 
of today. The laboratory has since become the 
Langley Research Center in Hampton, Virginia. 
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NASA'S LEADERS 


The head of NASA in 2008 was adminis- 
trator Michael Griffin. His distinguished 
predecessors included Robert Gilruth, 
head of NASA's Manned Spacecraft Center 
until 1973, who did much to ensure the 
success of the Apollo program. Another 
eminent name in NASA history is that of 
Chris Kraft, NASA's first flight director. He 
succeeded Gilruth as head of the Manned 
Spacecraft Center. NASA's expertise in 
unmanned, long-distance space explo- 
ration owes much to Bill Pickering. 
Originally from New Zealand, Pickering 
became a U.S. citizen in 1941 and worked 
on the first U.S. satellite at the Jet 
Propulsion Laboratory. 


© During his forty-year career with NASA and 
its predecessor NACA, Robert Gilruth (1913- 
2000) led many U.S. spaceflight operations. 





Projects Mercury 

and Gemini 

NASA quickly captured the public 
imagination with Project Mercury. 
Amid a blaze of publicity, seven 
pilots (all men) were chosen to be 
America’s first astronauts. Alan B. 
Shepard was the first American to 
fly into space on May 5, 1961, 
squeezed inside a cramped Mercury 
capsule launched by a Redstone 
rocket. On February 20, 1962, John 
H. Glenn, became the first U.S. 
astronaut to orbit Earth. 

As the Mercury program contin- 
ued, NASA scientists also were 
engaged in a range of unmanned 
Space activities—sending probes to 
the Moon and to Mars, for example. 
Public attention, however, focused 
on the “space race” between the 
Soviet Union and the United States. 
The declared U.S. intention, as stat- 
ed in May 1961 by President John 
F. Kennedy, was to land men on the 
Moon and bring them back safely. 
This was an immense challenge, 
and many people doubted NASA 
could achieve the president’s goal. 

After the completion of the 
Mercury program, NASA pro- 
gressed to two-person flights in 
Earth’s orbit, using the larger 
Gemini spacecraft. Gemini flights 
provided valuable experience in 
space piloting, rendezvous and 
docking, extra-vehicular activity 
(space walks), and reentry and 
splashdown techniques. 
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= President John F. 
Kennedy (center, 
facing right and 
wearing sunglasses) 
toured NASA's 
facilities at Cape 
Canaveral in Florida 
in 1962. The Cape 
was the launch 

site of the Apollo 
missions. Today, 
NASA's facilities 

at the Cape and 
elsewhere have 
expanded greatly. 


Apollo 
The Moon landing program, using the 
three-person Apollo spacecraft, was pur- 
sued with enormous energy at a stagger- 
ing cost of over $25 billion. Apollo has 
been compared, in terms of national 
effort, to digging the Panama Canal or 
making the first atomic bomb during 
World War II. In 1967, the Apollo pro- 
gram survived the tragic setback of a fire 
inside an Apollo capsule in which three 
astronauts died. The program triumphed 
in 1969 with the historic landing of two 
Apollo 11 astronauts, Neil Armstrong 
and Buzz Aldrin, on the Moon. 
Everything NASA did was very pub- 
lic. During the Apollo 11 spaceflight and 
later Apollo Moon landings for example, 
people all over the world were enthralled 
by television coverage of the launches 
and splashdowns, directed from NASA 
nerve centers that included the Cape 
Canaveral launch site in Florida and the 
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Mission Control Center in Houston, 
Texas. Television audiences were able to 
see control room staff at work and talk- 
ing to the astronauts, and they could 
watch pictures beamed directly from the 
Moon. NASA space jargon used by the 
flight controllers, such as “T minus 30 
and counting” have since passed into 
common usage. 

Five more lunar landings followed 
that of Apollo 11. NASA managed to 
avert disaster when the Apollo 13 mis- 
sion of April 1970 went seriously wrong. 
On this mission, the Moon landing had 
to be canceled after an oxygen tank 
exploded midway through the outward 
flight. The three astronauts flew around 
the Moon and, despite severe power 
problems, returned safely to Earth. Their 
safe return was a tribute to NASA’s abil- 
ity to adapt its technology to cope with 
the unexpected. In total, twelve astro- 
nauts walked on the Moon during the 
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©) NASA workers at Mission Control in Houston, 
Texas, celebrate the successful conclusion of 
the Apollo 11 mission in 1969. 


six Apollo lunar landings, which marked 
the highpoint of NASA’s success. 


The ISS and Space Shuttle 

After the Apollo mission, NASA experi- 
enced a falling off in public interest 
in space. The agency also was hampered 
by financial restraints, and it had to cut 
back on some programs. In 1975, NASA 
cooperated with the Soviet space agency 
to run the Apollo Soyuz Test Project, a 
joint flight by U.S. and Soviet astro- 
nauts. The project foreshadowed today’s 
cooperation with Russia and other 
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nations on the International Space 

Station (ISS). NASA had originally 

planned to launch its own space 

station, as authorized by Congress 
in 1984. Eventually, with costs high 
and rising, it was decided that an 
international partnership was more 
appropriate. The ISS was the suc- 
cessful result of this cooperation, 
and it has been consistently crewed 
by a changing group of astronauts 

since 2000. 

In 1981, NASA astronauts flew 
the first reusable Space Shuttle; in 
1983, NASA astronaut Sally K. Ride 
became America’s first woman in 
space when she flew on the STS-7 
Space Shuttle mission. The Space 
Shuttle, used to supply the ISS and 
for satellite launches and other 
duties, has absorbed much of NASA 

funding and posed some major chal- 
lenges since it first flew. It has proved a 
valuable spacecraft, however. 

Two major Space Shuttle accidents 
caused some critics to question NASA’s 
safety standards and operational sys- 
tems. In 1986, Challenger exploded 
shortly after takeoff, killing all seven 
crew members. In 2003, Columbia broke 
up shortly before it was due to land. 
Again, all seven crew members died. 
Space Shuttles were grounded after each 
of these disasters, while NASA and its 
partners involved in the program inves- 
tigated the causes. In both cases, a fault 
was identified and rectified by design 
changes. The three remaining Space 
Shuttles were back in operation by 2005. 
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= The International Space Station, 

a cooperative project involving several 
nations, began with the launches 

of Russian module Zarya and U.S. 
module Unity. This photograph 

shows Unity in the foreground, being 
delivered by NASA's Space Shuttle 
Endeavour for rendezvous with Zarya. 


Going Farther 

NASA has achieved an impres- 
sive record of exploring the 
Solar System and beyond with 
unmanned probes, satellites, 
and space telescopes. In the 
1970s, Pioneer 10 and 11 flew 
past Jupiter and Saturn. They 
were followed by Voyager 1 
and 2, record-breaking probes 
that made a tour of the outer 
planets before eventually leav- 
ing the solar system. In 1976, 
NASA landed two Viking 
Spacecraft on the surface of 
Mars, and these landers sent the first 
pictures from the surface of the 
red planet back to Earth. 

Not even NASA’s highly trained and 
experienced engineers are infallible, 
however. Sometimes spacecraft disap- 
pear. In 1993, the Mars Observer space- 
craft disappeared from tracking screens 
just three days before it was scheduled 
to go into orbit around Mars. A succes- 
sor spacecraft, Mars Global Surveyor, 
made it into orbit safely in 1998. 

NASA often has proved itself adapt- 
able to challenges. After the Hubble 
Space Telescope was launched in 1990, 





scientists discovered that it had a faulty 
mirror. NASA designed a rescue package 
to deal with the unexpected problem in 
such a costly piece of space hardware. 
The agency sent Shuttle astronauts to 
correct the fault, which they did, and 
Hubble began to provide Earth-based 
astronomers with their clearest view yet 
of the heavens. 


NASA Today 

NASA today has ten major centers 
around the nation. The Kennedy Space 
Center at Cape Canaveral, Florida, is 
probably the best known. The others are: 
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Ames Research Center, Dryden Flight 
Research Center, Glenn Research Center, 
Goddard Space Flight Center, the Jet 
Propulsion Laboratory, Johnson Space 
Center, Langley Research Center, 
Marshall Space Flight Center, and 
Stennis Space Center. All NASA activi- 
ties rely on teamwork, not only among 
personnel at the various centers, but also 
between NASA and its partners in indus- 
try and the academic world. 

Today, space is a business. The NASA 
launch services program based at the 
Kennedy Space Center offers commercial 
launch services from a number of launch 
sites. The sites include Cape Canaveral 
Air Force Station in Florida; Vandenberg 
Air Force Base in California; Wallops 
Island in Virginia; Kwajalain Atoll in the 
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G Personnel from NASA's Jet Propulsion 
Laboratory prepare Mars Global Surveyor for 
transfer to the launch pad. NASA's success in 
exploring the solar system has greatly increased 
human knowledge of space. 


Republic of the Marshall Islands; and 
Kodiak Island, Alaska. To provide a 
range of launch options, NASA buys 
expendable launch vehicle (ELV) 
services from commercial providers—for 
example, Atlas rockets are built by 
Lockheed Martin and Deltas are built 
by Boeing. NASA also works closely 
with international partners. The Cassini 
spacecraft, for example, was developed 
by the Jet Propulsion Laboratory in 
association with the Italian space 
agency. Launched in 1997, Cassini 
arrived at Saturn in 2004. 

NASA also carries out research into 
supersonic flight within the atmosphere, 
following up on the pioneer work done 
by NACA. In the 1960s, the record- 
breaking X-15 rocket plane soared so 
high and so fast that it almost became a 
spacecraft. Its flights provided valuable 
data and pilot experience for the 
manned space program. NASA contin- 
ues to research high-speed flight in the 
atmosphere. In 2004, the X-43A scram- 
jet set a new world speed record for an 
aircraft with an air-breathing engine, 
flying at ten times the speed of sound. 

NASA’s long-term ambitions for the 
twenty-first century include sending 
astronauts back to the Moon and 
designing a mission to explore Mars. 
The program will involve construction 
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©) The X-43A scramjet is suspended in the air for 
controlled radio frequency testing. The aircraft, 
part of NASA's hypersonic flight program, set a 
new flightspeed record in 2004. 


of a new generation of spacecraft, 
including the Orion manned spacecraft. 
In addition, NASA will continue its 
ambitious scientific program of explor- 
ing the universe. 


SEE ALSO: 
e Apollo Program © Astronaut 
e Cape Canaveral ¢ Kennedy Space 


Center @ Satellite ¢ Spaceflight 
e Space Race 





NEEMO 


One of the more unusual facilities used 
by NASA is located 62 feet (19 meters) 
underwater. To train astronauts for 
NASA Extreme Environment Mission 
Operations (NEEMO), NASA sends them 
to Aquarius, off Key Largo, Florida. 
Aquarius |S an underwater laboratory 
belonging to the National Oceanic and 
Atmospheric Administration (NOAA). 
Here, humans can experience life in an 
artificial habitat similar in many respects 
to being in space. NASA crews have 
Stayed in Aquarius for between two and 
three weeks to train for missions to the 
Moon. They test techniques for commu- 
nication, navigation, geological sample 
retrieval, construction, and using 
remote-controlled robots. Facing these 
challenges in Aquarius helps NASA's 
designers and engineers improve designs 
of habitats, robots, and spacesuits for 
future lunar projects. 


©) Astronauts in training pose for a photo- 


graph inside and outside NOAA's laboratory. 
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avigation is the steering or 

| \ directing of a course. Migrating 

birds, animals, and even insects 

seem able to navigate across the world 

with ease. People have developed ways 

of using nature, science, and technology 

to do the same thing—to figure out their 

position and find their way across land, 
sea, Sky, and even in space. 


Following Instinct 

and Landmarks 

Monarch butterflies fly more than 1,500 
miles (2,400 kilometers) on their annual 
migration across North America. One 
seabird, the Arctic tern, makes the 
longest migration journeys of any living 
creature. Every year, it flies up to 22,000 
miles (35,400 kilometers) between the 
Arctic and Antarctic. Some animals are 
born with an instinct for migrating in a 
particular direction. Birds may navigate 
by recognizing familiar landmarks such 
as rivers and mountains. They also may 
use the position of the Sun and stars. Yet 
others seem to be able to sense the 
Earth’s magnetism, as if they have a nat- 
ural compass that directs them. 

The first pilots relied on navigation 
methods similar to those used by birds. 
Planes flew low so that pilots could nav- 
igate visually by following landmarks 
such as roads, rivers, and railroads. For 
longer flights and for flights over 
oceans, a method called dead reckoning 
was used. A pilot used a map to figure 
out which direction to fly and then 
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©) Monarch butterflies fly more than 1,500 miles 
(2,400 kilometers) on their annual migration 
across North America. 


measured the distance to the destination. 
Knowing how fast a plane flew, a pilot 
could figure out the journey time. If the 
plane was flown in the right direction 
(using a compass) at the correct average 
speed for the calculated length of time, 
it should arrive at its destination. In the 
real world however, an aircraft could be 
blown off course by wind, so pilots had 
to allow for this when plotting their 
course. Today, pilots of small aircraft 
still can navigate using dead reckoning 
and by looking out for landmarks. 
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THE STARDUST MYSTERY, 


mM 1947 dine airliner caled mance 
was flying from Buenos Aires, 
Argentina, across the Andes moun- 
tain range to Santiago, Chile. Just 
before it was due to land, it van- 
ished. Searchers found nothing. In 
2000, the wreckage was found, and 
an explanation to the old mystery 
was pieced together. Because of bad 
weather, the airliner had flown so 
high that it reached the high-speed 
alr current of the jet stream and was 
flying against it. Ihe crew's naviga- 
tion calculations indicated that they 
had crossed the mountains, but the 
jet stream had slowed them down so 
much that they were still over the 
mountains. Thick clouds prevented 
them from seeing the ground. As 
they descended to land, the plane 
crashed into a mountainside and fell 
onto a glacier, a slow-moving river 
of ice. Tne wreck was soon covered 
with snow and then sank into the 
glacier. It took fifty-three years for 
the wreckage to travel downhill 
inside the glacier and appear at the 
bottom. 


Celestial Navigation 

Until electronic navigation systems were 
developed, pilots also navigated during 
long flights by using the positions of the 
Sun, Moon, and stars as explorers on 








O Early airplanes had open cockpits and flew 


relatively low to the ground. These factors 
allowed pilots to navigate by visual landmarks 
in the days before electronic navigation systems. 


land and sea had done for centuries. 
Navigation of this kind is called celestial 
navigation. Using a device called a sex- 
tant, the positions of the Sun, Moon, or 
certain known stars can be measured to 
pinpoint an aircrafts location. Each 
sighting enables the navigator of an air- 
craft to draw a line on a map. After sev- 
eral sightings, the point at which the 
lines cross show the airplane’s position. 

Celestial navigation involves making 
repeated sightings, doing many calcula- 
tions, and plotting maps. For this reason, 
the crews of long-range airliners and 
bombers using this system included a 
specially trained navigator. 


Electronic Systems 

A variety of electronic navigation aids 
have since been developed to help pilots 
navigate more accurately. The most 
basic are beacons, or radio transmitters, 
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THE COMPASS 


The magnetic compass was devel- 
oped in about the twelfth century in 
both China samossEWronea r eople 
noticed that a type of rock called 
lodestone, when placed on a piece of 
wood floating in water, caused the 
wood to turn. It always turned so 
that one end pointed north. When a 
magnetic needle Is used instead, the 
needle turns in the same way to line 
up with the Earth's magnetic field. 
In a simple magnetic compass, the 
needle IS on a dial marked with 
points of the compass—north, south, 
east, and west. Because the needle 
always turns to point north, a person 
holding a compass can figure out 
which way to head if, for instance, 
he or she wants to go west. 

A normal magnetic compass 
does not work well in an aircraft. It 
Swings wildly when the aircraft 
mins, and it ISmapeceurare aie 
Earth's poles. A different type of 
compass, called a gyrocompass, does 
not use magnetism. Instead, It uses 
a spinning wheel called a gyroscope 
that keeps pointing in the same 
direction. A gyrocompass installed 
in an aircraft keeps pointing north, 
whatever way the plane moves or 
turns, SO it cah oe USet aSeamnellabie 
compass. 





NAVIGATION 





©) The MH-53J Pave Low III heavy-lift helicopter 
is the largest and most powerful used by the U.S. 


Air Force. It also has very advanced navigational 
abilities, with an inertial navigation system, terrain- 
following radar, forward-looking infrared sensors, 
GPS capability, and a projected map display. 


on the ground. Their positions are 
marked on navigation maps. A radio in 
an aircraft picks up radio signals from 
the nearest beacons and figures out their 
bearings (the direction of the beacons in 
relation to the plane). Knowing this 
helps a pilot to determine an airplane’s 
position and to steer an accurate course. 
A variety of systems use radio beacons, 
including NDB (non-directional bea- 
cons), VOR (VHF omnidirectional radio 
range) and LORAN (long-range naviga- 
tion). There also is a more accurate ver- 
sion of VOR called TACAN (tactical air 
navigation) for military aircraft. 

When computers became small 
enough and reliable enough to be car- 
ried by aircraft, much more advanced 
navigation systems became possible. 
One of these is the inertial navigation 
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system (INS) or inertial guidance system 
(IGS). The location of an aircraft is 
programmed into the system at the 
beginning of a flight. As the plane flies 
along, the system detects its movements 
by using devices called accelerometers. 
Knowing how much the aircraft has 
moved, and in which direction, enables 
its computer to determine the aircraft’s 
position and to keep track of its progress. 

An inertial navigation system can 
navigate a plane automatically. The sys- 
tem is programmed with the locations 
during a flight where the plane has to 
turn. These places are called waypoints. 
During the flight, the inertial navigation 
system controls the plane’s autopilot 
and flies the plane along the planned 
route from one waypoint to the next. 

A modern airliner is equipped with 
several navigation systems so that if one 
Should fail, another can take over. If 
everything fails, an air traffic controller 





on the ground can guide the pilot or 
pilots of an aircraft over the radio. 


Satellite Navigation 

The most advanced navigation system 
uses the Global Positioning System (GPS), 
a network of navigation satellites orbit- 
ing Earth. The GPS system carried by an 
aircraft picks up radio signals from at 
least four satellites and uses them to cal- 
culate the aircraft’s position, altitude, 
heading, and ground speed. Space-based 
navigation systems like this are begin- 
ning to replace radio navigation systems 
because they are more accurate. In addi- 
tion, they do not rely on large numbers of 
beacons on the ground; they are not 
affected by bad weather; and aircraft are 
never out of range of the system’s signals. 


Navigating Spacecraft 

All the planets in the solar system 
are spinning as well as moving around 
the Sun at very high 
speeds. Navigating a 
Space probe from 
Earth to another pla- 
net could be compared 
to sitting on a spin- 
ning merry-go-round 
and trying to throw a 
ball at a spinning top 


G The GPS control room 
at Schriever Air Force Base 
in Colorado controls the 
satellites that provide 
navigational data to users 
around the world. 
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placed on a distant moving car. In spite 
of the challenges, however, space scien- 
tists have figured out how to send space- 
craft where they want them to go. Most 
of the work needed to guide a space 
probe is done before the launch. 

The movements of all the planets are 
known, and scientists can predict exact- 
ly where they will be at a given point in 
the future. The timing of a probe’s 
launch, the speed it travels, and its 
direction are all chosen so that the probe 
is launched from Earth on the right 
flight path to reach a planet. The pull of 
the Sun’s gravity and that of the planets 
has to be taken into account when cal- 
culating the probe’s flight path. In fact, 
gravity is sometimes used to accelerate a 
probe or to change its direction without 
having to burn any fuel. 

When the Space Shuttle goes to the 
International Space Station, its launch 
time is chosen to place it in orbit near 
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the Space Station. The Space Shuttle 
only has to make small adjustments to 
its position to rendezvous with the 
Space Station. 


Navigating the 

Apollo Missions 

The only manned spacecraft that have 
navigated through space and into an 
orbit other than Earth’s were those of 
the Apollo mission, when nine space- 
craft went into orbit around the Moon. 
The Apollo program also landed twelve 
astronauts on the Moon between 1969 
and 1972. On the way to the Moon, the 
Spacecraft’s inertial guidance system 
figured out its position by sensing 
changes in its speed and direction. The 
position was double-checked by taking 
sightings of stars using a sextant and 
telescope. Thirty-seven stars were used 
as guides to navigate the spacecraft. The 
sextant, telescope, inertial guidance sys- 
tem, and guidance com- 
puter provided Apollo’s 
primary guidance, naviga- 
tion, and control system 
(PGNCS). The astronauts 
called it “Pings.” 


CG Timing and precision are 
crucial to space navigation. 
Scientists successfully launched 
the probe Deep Impact to 
intercept the comet Tempel 1 

in 2005. The probe released an 
impactor to create a crater, so 
releasing debris to gain informa- 
tion about the comet's interior. 
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©) Goldstone Deep Space Communications 
Complex in California is one of three centers 
for the Deep Space Network. The network has 
provided navigation for many spacecraft. 


The most precise Apollo navigation 
system was not in the spacecraft at all. It 
was on Earth. The huge radio dishes of 
NASA’s Deep Space Network were 
trained on the spacecraft and relayed 
communications between Apollo mis- 
sions and Earth. Tracking a spacecraft 
using these dishes showed exactly where 
it was. This information was sent up to 
the spacecraft and used to correct any 
errors in its own guidance system. If the 
spacecraft lost radio contact with Earth, 
its own guidance system would be cor- 
rect and could guide it until contact with 
Earth was restored. Some losses of con- 
tact were expected. While the spacecraft 


SEE ALSO: 


e Bird e Communication ¢ Global 


Positioning System ¢ Radar 
e Space Probe 





was in orbit around the Moon, it lost 
touch with Earth every time it disap- 
peared around the far side of the Moon. 
NASA still uses the dishes of the Deep 
Space Network in California, Spain, and 
Australia to communicate with space 
probes in all parts of the solar system. 


AN EXPENSIVE ERROR 


When navigation goes wrong, the 
results can be catastrophic. In 1998 
NASA sent a probe named the Mars 
Climate Orbiter to Mars. It was sup- 
posed to orbit Mars, but instead it 
entered the planet's atmosphere and 


burned up. An inquiry found that 
some of the navigation data was 
calculated using U.S. standard units 


(feet/pounds/seconds), and_ this 
became mixed up with data calcu- 
lated in metric units (meters/ 
kilograms/seconds). The navigational 
error Teka Omne 
multimillion-dollar spacecraft. 
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Newton, Isaac 


Date of birth: December 25, 1642. 
Place of birth: Woolsthorpe, England. 
Died: March 20, 1727. 

Major contribution: First formulated 
the idea of gravity; expressed three 
key laws of motion; invented calculus, 
a branch of mathematics. 

Awards: Named a Fellow and later 
President of the Royal Society; Order 
of Knighthood. 
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hood. His father died a few months 

before he was born. Newton was a 
sickly child who was not expected to 
live. When Newton was two, his mother 
remarried, and his stepfather sent him 
away to live with other relatives. Only 
when the stepfather died was Newton 
reunited with his mother. 

Newton began studying at Trinity 
College, Cambridge, England, in 1661. He 
dedicated himself to new, emerging ideas 
in science and mathematics. 
Much of his study of the new 
science was done on his own 
and appeared only in his 
private notebooks. In 1665 
Newton graduated from 
Trinity College and over the 
next two years, he reached 
conclusions that formed the 
basis of his later work. 

In 1667, Newton returned 
to Cambridge as a professor. 
Using a pair of prisms, he 
broke white light into its 
different colors—those we 
see in a rainbow. Through 
this work, Newton proved 
that light is not a simple 
structure but a complex one. 
He also began to develop the 


E Newton had a difficult child- 


G Isaac Newton is one of the 
most important scientific figures in 
the history of the world. His view 
of physics prevailed until they 
were modified by Albert Einstein's 
ideas in the early 1900s. 
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ideas that would become calculus, an 
advanced form of mathematics that 
makes it possible to describe the move- 
ments of objects. 

Newton began to think about the 
orbit of objects around planets. He wrote 
an essay called On Motion in 1684 and 
expanded his ideas three years later in 
his masterwork Philosophiae Naturalis 
Principia Mathematica. With this work 
Newton established his three laws of 
motion and his theory of universal 
gravitation. Newton’s ideas gained wide 
acceptance fairly quickly, and his 
theories are the basis of much of 
modern physics. 

In 1696 Newton was named Warden 
of the Royal Mint, which oversees the 
making of coins. He kept his professor- 
ship at Cambridge for a few more years, 
but most of his later life was spent in 
London. In 1704, Newton finally pub- 
lished a work about sight, light, and 
color entitled Opticks. 

Although he did little new work in 
later years, Newton remained an impor- 
tant figure in the sciences. He became 
President of the Royal Society in 1703. 
In that role he helped sponsor the work 
of younger scientists who quickly rose 
to dominate the scientific community in 
England, further helping to spread 
Newton’s ideas. Two years later, Newton 
became the first scientist ever to be 
knighted by a British monarch. 

Newton’s later life was marred by a 
major controversy. He had devised 
the basics of calculus back in the 1660s 
but had never published a detailed 


NEWTON'S CANNON 


Hundreds of years before it actually 
happened, Newton understood that 
a human-made object could orbit 
Earth, just as the Moon did. 
Imagine, he said, a mountain so tall 
that it extended above Earths 


atmosphere. Now imagine placing a 


cannon atop the mountain's peak 
and firing a cannonball on a hori- 
zontal path. A powerful enough 
cannon could fire the ball so fast 
that it would never fall. At the same 
time, gravity would bend its path 
toward Earth. Never falling and 
never escaping Earths gravity, 
Newton theorized, the cannonball 
would orbit the planet indefinitely. 





description. In 1684, the German math- 
ematician Gottfried Wilhelm Leibniz 
published his work on calculus and 
gained renown as the inventor of a new 
system. Newton began a running battle 
with Leibniz that was carried out in 
print. Both men tarnished their names 
with their bitter attacks on one another. 
Newton died at the age of eighty-four. 


SEE ALSO: 


e Gravity ¢ Laws of Motion 


e Momentum e Satellite 
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Night Witches 


ight Witches were a group of 
JN roren combat pilots in the 

Soviet Union who fought in 
World War II (1939-1945). They flew at 
night, and they were so deadly that the 
Germans gave them the nickname of 
“Night Witches.” 


Women in Combat 

The Soviet Union was the only Allied 
nation in World War II to use women 
pilots in combat. Women flew military 
aircraft in the United States, Canada, 
and the United Kingdom, but only on 
transport or delivery flights. Such mis- 
sions could be difficult and often haz- 
ardous, but there was a low risk of 
encountering enemy aircraft. 

During World War II, Soviet armed 
forces fought a desperate battle against 
large German armies following the 
German invasion of Russia in the sum- 
mer of 1941. The Soviets were desper- 
ately short of planes and pilots. In the 
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Communist Soviet Union, women drove 
farm tractors and trucks alongside men, 
so—Soviet generals reasoned—why not 
train them to fly combat planes? 

Three regiments of female combat 
pilots were formed in the Soviet Union 
in 1942. The Night Witches belonged to 
the 588th Night Bomber Regiment. The 
pilots, mechanics, and weapons person- 
nel in this unit were all women. 

The Night Witches flew old- 
fashioned Polikarpov Po-2 biplanes, 
really only suitable as training airplanes. 
These wooden and fabric planes had a 
top speed of only 94 miles per hour 
(150 kilometers per hour). The Po-2 
biplanes had such weak engines that 
they could carry only two bombs. 
Possibly female pilots were given such 
old planes because the military did not 
have great concerns for their safety, but 
the Night Witches developed some tricks 
that surprised everyone. 


Night Witch Tactics 

Mostly, the Night Witches made surprise 
raids on German supply depots and 
army camps. They flew by night, and the 
pilots often shut off their engines when 
approaching the enemy position so that 
the planes glided in silently. They 
restarted the engines just before the 
attack, dropped their bombs, and disap- 
peared into the darkness before German 
troops could open fire. 


CA group of female Soviet combat pilots 
make their flight plans somewhere in the 
Soviet Union in 1942. 
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The slow Po-2 biplane appeared to be 
an easy target for a fast German fighter, 
such as an Me-109. The top speed of the 
Soviet biplane, however, was actually 
less than the minimum (stall) speed of 
the German fighter. This difference in 
Speed meant that a German fighter 
chasing a Po-2 often sped past its slow- 
moving target and had to fly around in 
a circle for another attack. The skillful 
Night Witch pilots, meanwhile, flew 
close to the ground, twisting and turning 
and even disappearing behind trees. The 
German fighter pilots did not find it easy 
to shoot down a Night Witch. 

The Russian planes were so small and 
flew so low that they barely showed up 
on German radar. In key battles, such as 
the Battle of Stalingrad in 1942-1943, 
the Germans mustered searchlights and 
used heavy antiaircraft guns to blast the 
Night Witches out of the sky. The pilots 
of the 588th Regiment flew in threes to 
outwit this tactic. Two planes flew 
Straight and level, to attract the search- 
lights, and then they began a series of 
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O Stalingrad in Russia was destroyed as German 
and Soviet forces fought in the skies and on the 
ground during the Battle of Stalingrad. 


aerobatic moves. While the German 
searchlight crews struggled to hold their 
light beams on the gyrating biplanes, the 
third Night Witch moved in to attack. 
The pilots then regrouped and repeated 
the attack until all three aircraft had 
dropped their bombs. 

Twenty-three Night Witch pilots 
received their country’s highest honor in 
the form of Hero of the Soviet Union 
medals. Two pilots, Katya Ryabova and 
Nadya Popova, carried out eighteen 
raids in one night. In total, the Night 
Witches flew more than 24,000 missions. 
Most of the women pilots who survived 
the war flew hundreds of missions. 


SEE ALSO: 


e Aerobatics ¢ Biplane ¢ Bomber 


e Pilot e World War II 
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Ornithopter 


n ornithopter is a machine with 

A tem wings. Early inventors 
tried to copy bird flight by 
designing and building these aircraft, 
but their designs failed to get off the 
ground. Small ornithopters have flown 
as toy models and research experiments. 
The principle behind the ornithopter 

is that the flapping wings provide both 
lift and propulsion. When people first 
dreamed of flying, they naturally tried 
to imitate birds, and some tried strap- 
ping wings to their arms. In about 1500, 
Italian artist and inventor, Leonardo da 
Vinci, made a sketch of a practical-look- 
ing ornithopter, but it never flew. One of 


the first toy airplanes was a model flown 
at the court of the King of Poland in 
1647, by an Italian inventor named Titus 
Burratini. His model apparently had 
fixed and flapping wings. 

Flapping wings were not the answer 
for human flight, as glider pioneer Sir 
George Cayley (1773-1857) realized. 
Cayley decided that if an aircraft needed 
wings for lift, some other means must be 
found for propulsion. The answer was 
the fixed-wing airplane with a propeller. 
Cayley never flew a powered plane, 
however, and people continued to design 
flapping-wing machines. 


@ In 2006, an ornithopter designed by James 
Delaurier made a short, sustained flight. 
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A model ornithopter, flown in 1870 
by Gustave Trouvé (1839-1902), was 
powered by revolver cartridges. The 
exploding cartridge forced the wings 
down, and springs pushed the wings up 
again. Trouve’s ornithopter apparently 
flew for 230 feet (70 meters). Another 
French inventor, Alphonse Penaud 
(1850-1880), designed an ornithopter as 
well as model gliders. His models flew 
well and later inspired Orville and 
Wilbur Wright. Unfortunately, when his 
clever designs for flying machines were 
not taken up by the authorities, Penaud 
became depressed and committed sui- 
cide. In the 1890s, Australian Lawrence 
Hargrave built an ornithopter powered 
by using steam or compressed air to flap 
one set of small wings, while relying on 
large, fixed wings for lift. 

A toy ornithopter flies because it is 
so lightweight. By the 1930s, rubber- 
powered model “flapping birds” were 
popular toys. These ornithopters could 
fly well in calm air for a short period of 
time. A small ornithopter, made from 
wood, wire, paper, or plastic, needs 
only a taut, twisted rubber band for 
power to make the wings flap. Model 
ornithopters fly best in the calm air 
inside a large building—rubber-powered 
ornithopters have achieved inside flight 
durations of more than 20 minutes. For 
outside use, there are radio-controlled 
ornithopter kits that are usually powered 
by a small electric motor. 

The problem with ornithopters is 
finding a power plant that will make the 
wings beat up and down with sufficient 


HOW AN ORNITHOPTER 
FLIES 


An ornithopter creates all its thrust— 
and most of its litt—by flapping its 
wings. The wings beat In a twisting 
motion rather than directly up and 
down. They are joined by a center 


section that is moved up and down 
by the drive mechanism from the 
engine. The thrust comes from a 
low-pressure zone around the lead- 
ing edge of the wing that generates 
leading-edge suction. Many toy 
ornithopters fly nose-up to ensure 
enough lift. The tall is usually set at a 
Steep angle of incidence, angled up. 





power to generate both lift and propul- 
sion but is not so heavy that the 
machine cannot leave the ground. A 
leading designer of ornithopters is Dr. 
James Delaurier of the University of 
Toronto’s Institute for Aerospace Studies 
in Canada. His team has flown several 
small flapping-wing designs. In 2006 
they successfully flew a larger machine, 
using a jet-assisted takeoff. 


SEE ALSO: 
e Aerodynamics °@ Bird © Cayley, 


George ¢ Da Vinci, Leonardo ®© Wing 





425 


(c) 2011 M.E. Sharpe, Inc. All Rights Reserved. 


Parachute 


parachute is a canopy that slows 
A fall of an object or person 

through the air. The word 
parachute means “against a fall.” 

Parachutes have saved the lives of 
many pilots who needed to eject from 
damaged airplanes. Parachutes are used 
to drop supplies and paratroopers (para- 
chuting soldiers) from airplanes. Sports 
parachutists enjoy freefall skydiving. Yet 
another use for a parachute is as an air- 
brake, to slow an airplane, spacecraft, or 
other vehicle as it lands. 

A personal parachute is packed in a 
bag or body pack worn by the para- 
chutist and attached to a strong harness 
or supporting rig. After exiting the air- 
craft, the parachutist opens the para- 
chute by pulling a handle called the rip- 
cord. Parachutes also can be opened 
automatically. When a pilot ejects from 
a jet plane, for example, the ejector seat 
mechanism opens the parachute. Brake 
parachutes for slowing down an airplane 
are stowed in the tail and open only 
after the plane has touched down on the 
runway. A spacecraft parachute opens 
after reentry into the atmosphere. Other 
brake parachutes may be automatic or 
manually deployed. 

The canopy is made of a tough, light 
fabric—silk was traditional, but nylon 
and other synthetic materials are used 
today. The traditional shape for a para- 
chute canopy was a circle, but modern 
parachutes are usually square or 
rectangular. The parachutist’s harness 
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is attached by straps, called risers, to 
Suspension lines around the edge of the 
canopy. As parachutists float to the 
ground, they can make turns by tugging 
on steering lines. 


The Invention 

of the Parachute 

Even a handkerchief will act as a para- 
chute if strings are tied from each corner 
to a small weight. The idea may have 
struck someone far back in history. The 
Chinese invented the umbrella, and they 
may have adapted the umbrella shape to 
try parachuting 1,000 years ago. In 
around 1485, Italian artist and inventor 
Leonardo da Vinci drew a cone-shaped 


©) A drawing from the early 1800s shows three 
views of André Jacques Garnerin's 1797 parachute: 
the top, the release from a balloon, and the para- 


chute floating down after release. 
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parachute, but it is not known whether 
his device was ever tested. 

The first parachute jumps recorded in 
Europe were made in 1783 by Sebastien 
Lenormand of France, who dropped 
weights and animals from a tower using 
a parachute that looked rather like a 
lampshade. In 1797, Andre Jacques 
Garnerin made a circular parachute of 
cotton cloth, from which hung a basket 
for a passenger. On October 22, 1797, he 
and his parachute were carried aloft by 
a balloon. Garnerin descended safely 
from about 2,000 feet (610 meters) above 
the city of Paris. 

In the nineteenth century, parachute 
jumping from balloons became a popu- 
lar form of entertainment. Balloon 
jumper Charles Broadwick invented the 
first body-pack parachute in 1905. The 
parachute pack was fastened to the 
balloon by a line. As the jumper fell, 
the line tightened and pulled the para- 
chute canopy open. In 1912, Captain 
Albert Berry made the first parachute 
jump from an airplane, at a height of 
1,500 feet (460 meters) above St. Louis, 
Missouri. Georgie Thompson, a teenager 
who jumped with Broadwick, was the 
first woman to jump from an airplane 
and land using a parachute, in 1913. 

During World War I (1914-1918) few 
pilots had parachutes. Generals (and 
many pilots) argued that parachutes 
were too cumbersome. Military person- 
nel who went up in observation balloons 
did have parachutes, however, so they 
could leap out if their balloons were hit 
by enemy gunfire. 


HOW A PARACHUTE WORKS 


When a parachute opens, air pushes 
up to fill the canopy. The air acts 
against the force of gravity and slows 
the fall of the object to which It Is 
attached. A parachute increases air 
resistance because It offers a large 
Surface area that produces friction 
with the air. At first, friction is greater 
than gravity, so the parachutist slows 
down. When the friction decreases 
to the point at which it is equal to the 
force of gravity, the parachutist 
descends at a constant speed. In cer- 
tain weather conditions, the upward 
force of alr may push the parachutist 
upward for a short time. 
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The Modern Parachute 

In 1919, the forerunner of the modern 
parachute was tested in the United 
States by a group of jumpers, including 
James Floyd Smith, Leo Stevens, and 
Leslie Irvin. The new parachute had a 
circular canopy and a smaller parachute 
called a pilot chute. Both parachutes and 
their lines were folded and stowed in a 
cloth pack. The pack was held closed by 
three metal pins attached to a wire rip- 
cord. When the jumper tugged a handle 
on the harness, the ripcord ripped the 
pins free, and the pack opened. The pilot 
chute flew out, acted as a brake, and 
pulled out the main canopy. On April 28, 
1919, Leslie Irvin tested the parachute 
after jumping out of a plane over 
McCook Field in Ohio. In 1922, came the 
first use of a parachute in an emergency 
when an American military pilot, 
Lieutenant Harold Harris, bailed out of a 
test plane over North Dayton, Ohio. 
Throughout the 1920s, barnstormers and 
show jumpers made parachute jumps to 
entertain crowds at flying shows. 
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Most jumps were from low level. 
Doctors warned that parachuting from 
great heights, or falling at high speed 
before the parachute opened, would kill 
the jumper. In fact, such fears were 
proved wrong. In 1945, Lieutenant 
Colonel William Lovelace jumped from a 
B-17 bomber at a height of 40,000 feet 
(12,190 meters). Although he wore 
breathing apparatus, Lovelace became 
unconscious, but his parachute opened, 
and he landed safely. 


Paratroops and Ejector Seats 

The military began to realize the tactical 
importance of parachutes for landing 
both troops and supplies from aircraft. 
Airborne units were formed and used in 
World War II (1939-1945). The Germans 
used paratroops to attack Crete in 1941. 
In 1944, thousands of Allied airborne 
troops were dropped from the skies 
above Europe during the D-Day and 
Arnhem assaults. Transport planes also 
parachuted supplies to soldiers and 
dropped food and medicines to civilians. 


© Since World War II, 
parachutes have been 
used by the military to 
get troops and supplies 
into difficult places. 
This photograph shows 
a team of U.S. and 
Canadian pararescuers 
using parafoils during 
a search-and-rescue 
exercise. 
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= The 150-foot (46-meter) solid rocket boosters 
used to launch the Space Shuttle are retrieved for 
reuse after they travel back to Earth with the help 
of parachutes. 


During World War II, Allied fighter 
pilots and bomber crews used para- 
chutes. Hundreds of combat fliers 
parachuted from planes, often after their 
planes had been hit by enemy fire. After 
the U.S. Doolittle Raid on Tokyo in 1942, 
all but one of the B-25 crews taking part 
had to use parachutes when their planes 
ran out of fuel over China. 

In the 1940s, new parachute tech- 
niques were invented for jet pilots. The 
ejection seat, first tried in 1946, was 
available by 1951 with a pressure- 
operated parachute that would open at a 
preset, safe altitude. All a pilot had to do 
was jettison the cockpit cover and pull 
down a face blind; he and his seat were 
ejected from the airplane, and the para- 
chute opened. Ejection seats are now 
standard in most military airplanes. 


Other Kinds of Parachutes 
Many jet planes have very high landing 
speeds, so tail parachutes are used as 
extra brakes. Spacecraft returning to 
Earth have used parachutes to break 
their fall. For the astronauts of the 
1969-1972 Apollo missions, the last 
stage of their journey was the slowest. 
They dangled in a capsule beneath bil- 
lowing landing parachutes that dropped 
the spacecraft into the ocean, thereby 
adding the word “splashdown” to the 
nation’s vocabulary. 





The modern wing-parachute or 
parafoil is highly maneuverable, and 
parachute jumping has now become an 
international, competitive sport for indi- 
vidual jumpers and teams. Freefall sky- 
diving is a thrilling spectacle at air 
shows and also has become an enjoyable 
recreation for many enthusiasts. 


SEE ALSO: 


e Barnstorming ¢@ Ejection Seat 


e Skydiving ° Takeoff and Landing 
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Pilot 


pilot is the person who controls 
A an aircraft. The name “pilot” was 

originally given to someone who 
steers a ship. Pilots fly everything from 
large airliners and fast military jets to 
airships and balloons. They also fly light 
aircraft, business jets, cargo planes, crop 
dusters, search-and-rescue helicopters, 
air ambulances, and other aircraft types. 
Requirements for a good pilot are sharp 
eyesight, intelligence, and calm judg- 
ment. All pilots must be physically fit 
and mentally alert. 
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Pioneers and Celebrities 

The first pilots taught themselves to fly 
and were often their own mechanics as 
well. The world’s first aero club was set 
up in France in 1898—five years before 
the Wright brothers’ famous 1903 flight. 
The Aero Club of America was founded 
in November 1905. Among early avia- 
tors were Glenn Curtiss—who flew his 
June Bug airplane for the first time in 
1908—and Louis Blériot, the first air- 
plane pilot to fly from France to 
England, in 1909. The world’s first inter- 
national aviation meet, at Reims, France, 
in the summer of 1909, saw just twenty- 
three airplanes flying. 

During World War I (1914-1918) 
airplane pilots earned a reputation for 
gallantry and chivalry. Fighter “aces,” 
such as American Captain Edward V. 
Rickenbacker, dueled in the skies. The 
first African American combat pilot, 
Eugène Bullard, was denied entry into 
the U.S. Army Air Corps on racial 
grounds and flew instead with the 
French Flying Corps. After the war, 
barnstormers (stunt pilots) thrilled 
crowds across the country with aero- 
batic shows. Women also took to the air. 
Ruth Law, an American pilot, was the 
first woman to loop the loop, in 1916. 
Bessie Coleman was the first female 
African American pilot. 


CG Eugene Jacques Bullard, the first African 
American combat pilot, flew for France during 
World War |. He later fought with the French 
Resistance in World War II and returned to 
the United States after being wounded. 
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EARLY WOMEN PILOTS 


The world's first ever female pilot was 
Elise Raymonde Delaroche of France, who 
received Pilot's Certificate Number 36 in 


March 1910. She was killed in an airplane 

accident in 1919. Harriet Quimby, the first 

female American pilot, gained her pilot's 

license in August 1911. On April 16, 1912, 

Quimby became the first woman to fly an 

airplane across the English Channel ©) Harriet Quimby sits in the cockpit of an 
between England and France. airplane in 1911. 





Men and women pilots flew stunts 
for movies—racing trains and flying 
under river bridges—and competed in air 
races. Record-breaking flights turned 
pilots into celebrities. Charles Lindbergh 
(the first pilot to fly solo across the 
Atlantic Ocean, in 1927) and Amelia 
Earhart (the first woman to achieve this 
feat, in 1932) were as famous as movie 
stars. Ruth Nichols was the first woman 
pilot to land in every one of the states of 
the United States. Clyde Pangborn and 
Hugh Herndon flew nonstop across the 
Pacific Ocean in 1931, and Wiley Post 
circled the world solo in 1933. 


= In 1929, James H. Doolittle (1896-1993) 
made the world's first instruments-only takeoff, 
level flight, and landing. In 1932, he set a world 
speed record for land planes. During World War Il, 
he led the first bombing raid on Tokyo, Japan, and 
later commanded the Eighth Air Force in Europe 





and on the island of Okinawa, Japan. 
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eS 





THE TUSKEGEE AIRMEN 


Until 1940, African Americans were not allowed to fly in the U.S. military. In 1941, how- 
ever, the U.S. Army Air Corps formed an all-black unit in Tuskegee, Alabama. Ground crew, 
navigators, pilots, and weapons crews were rigorously trained for combat at the Tuskegee 
Army Air Field (TAAF) and elsewhere in the United States. By 1946, almost 1,000 pilots had 
completed training. About 450 of these men served overseas during World War Il. The 
Tuskegee airmen, as they became known, achieved an outstanding record, gaining respect 
in an era when prejudice, segregation, and lack of opportunity were the norm for African 
Americans. They flew thousands of missions, destroyed over 1,000 enemy aircraft, and 
received hundreds of medals, including more then 150 Distinguished Flying Crosses. 





©) This group of Tuskegee airmen were pilots with the 332nd Fighter Group stationed in Italy 
during World War Il. 
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The Growth of Aviation 

As the airline industry grew in the 1920s 
and 1930s, barnstormers and air racers 
often became commercial pilots. Some 
of them entered the military. During 
World War II (1939-1945), many mili- 
tary pilots learned to fly straight out of 
college and were often pitched into 
combat after only a few weeks of train- 
ing. Fighter pilots in particular earned 
hero status. Most combat pilots were 
men, while female pilots delivered air- 
planes from factories and transported 
soldiers. After the war, test pilots broke 
new ground flying the jet- and rocket- 
powered planes of the supersonic era. 
Most of the first astronauts selected in 
the 1960s for the U.S. space program 
were ex-test pilots. 

By the 1970s, with air traffic growing 
rapidly, the job of the commercial pilot 
became more demanding. Men still 
dominated the cockpit, but a few women 
Started flying airliners. Ruth Nichols 
flew commercial planes as early as 1932. 
The first regular woman pilot for a U.S. 
scheduled airline was Emily Warner, 
who piloted Boeing 737s for Frontier 
Airlines in 1973. By the end of the twen- 
tieth century, military forces had women 
stationed alongside men in combat. The 
first American woman pilot to drop 
bombs in combat was Lieutenant Kendra 
Williams of the U.S. Navy, during 
Operation Desert Fox in Iraq (1998). 


Learning to Fly 
Many flying students start with a short 
introductory lesson at a flying school. 


No pilot certificate or medical certificate 
is needed for a trial flight, but these are 
required if a student continues and 
wants to fly solo. To be certified fit to 
fly, a student must consult an aviation 
medical examiner approved by the 
Federal Aviation Administration (FAA). 
There are three classes of medical certifi- 
cate: class 1 for airline pilots, class 2 for 
other commercial pilots (anyone paid to 
fly), and class 3 for recreational pilots. 

At first, the beginner student flies 
with an instructor in a two-seat plane, 
but does most of the actual handling of 
controls. The trainee pilot must obtain a 
student pilot certificate, issued by the 
FAA. Only sports pilots (flying micro- 
lights or similar airplanes) in the United 
States can fly on the basis of a motor 
vehicle driver license. The student pilot 
must pass a written test and learn to 
perform certain maneuvers—including 
takeoff and landing—before being 
allowed to fly solo. To gain a private 
pilot certificate, a person must be at 
least seventeen years old. 

Pilots in the United States may not 
carry passengers unless they have a 
recreational pilot certificate or a private 
pilot certificate. Obtaining these certifi- 
cates can cost several thousand dollars. 
Flight training is usually charged by the 
hour, and most students need 40 to 60 
hours for private pilot training. It takes 
less time to obtain a recreational pilot 
certificate, but this restricts pilots in cer- 
tain ways (for example, they cannot fly 
where communications with air traffic 
control are required). 
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Students also must pass a written 
exam on a computer. The FAA provides 
information needed to gain a certificate. 
Study materials include information on 
weather, airplane flying, glider flying, 
balloon flying, and rotorcraft flying. The 
final flight exam, or check ride, is done 
with an examiner and includes a ques- 
tion-and-answer session and a flight test 
lasting up to 17% hours. 


Becoming Professional 

Professional pilots must have an instru- 
ment rating. For this, they need to do at 
least 50 hours of cross-country flying 
(between one airfield and another). They 
must be able to fly by visual flight rules 
(VFR) and instrument flight rules (IFR) 
using electronic aids. IFR involves 
instrument training, during which pilots 
fly using just their instruments so that 
they will be able to fly even when visi- 
bility is poor or zero. Commercial pilots 
also familiarize themselves with the use 
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Ç Pilots learn to fly 
with an experienced 
instructor, who also 
has a set of controls. 
Student pilots in the 
United States must be 
at least sixteen years 
old to fly solo. 


of radio, radar, and the landing systems 
used at airports, such as the microwave 
landing system (MLS) and the older 
instrument landing system (ILS). 

Before gaining a commercial pilot 
license (CPL), a pilot must have complet- 
ed at least 250 hours of flight time, 
recorded in a personal log book, and 
must have learned to fly more complex 
aircraft (with flaps and retractable land- 
ing gear). The flight examination 
includes two flight sessions: one in a 
training aircraft and another in a more 
complex airplane, although a student 
may fly the entire test in the complex 
airplane. Many commercial pilots add a 
multi-engine rating, which they need to 
fly aircraft with more than one engine. 


Airline Pilots 

Every airplane is slightly different to fly, 
so pilots have to qualify in every kind of 
plane they have not flown previously. 
Initial training for pilots joining an 
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airline takes about ten weeks, during 
which they learn the specific procedures 
of the airline and get used to the aircraft. 
Training is often done in pairs and 
includes simulator training and practice 
in all maneuvers. After pilots pass this 
training course, they receive their initial 
operating experience in the air alongside 


an instructor pilot. They take a final flight 
test or “line check” and are then cleared 
to fly scheduled passenger flights. 

Statistically, flying is very safe. 
According to the FAA, a well-built, 
well-maintained aircraft flown by a 
competent and prudent pilot is as safe 
as any other form of transportation. 





FLIGHT SIMULATORS 


Before 1930, pilot training consisted of ground Instruction followed by flights in a 
dual-control airplane with an instructor. To improve training, the flight simulator was 
invented. The first was the 1930 Link Trainer, a mechanical simulator that gave a 
trainee pilot the feel of airplane motion. This simulator was improved by the addition 
of instrument simulation. The celestial navigation trainer (1941) showed bomber 
crews how to fly at night. In 1948, Pan American pilots learning to fly the 
Stratocruiser airliner trained in a cockpit replica with a full set of instruments. From 
this were developed full motion simulators, which gave the trainee a picture of the 
ground while practicing approaches to the runway and other maneuvers. By the 
1970s, simulators with hydraulic actuators could control each axis of motion, so the 
trainee pilot experienced a full range of airplane motions, including roll, pitch, and 
yaw. Computers and electronic display technology can now create a realistic virtual 
Skyscape and landscape. 
Simulators are useful for 
training flight crews in 
Operating procedures and 
for exposing pilots to 
risky situations, such as a 
complete engine failure, 
which cannot be prac- 
ticed in a real airplane. 


© Flight simulators have a 
full range of controls and 
a view of a virtual-reality 
world outside. 





435 


(c) 2011 M.E. Sharpe, Inc. All Rights Reserved. 


STEVE FOSSETT'S 
RECORD FLIGHTS 


American pilot Steve Fossett set 
remarkable records piloting balloons 
and specialized airplanes. In 1995, he 
made the first solo flight across the 
Pacific Ocean in a balloon. In 2002, 
he made the first solo, nonstop, 
round-the-world balloon flight (in 14 
days and 19 hours). In 2005, Fossett 
piloted the Virgin Atlantic Globalflyer 
on the first nonstop, solo, round-the- 
world airplane flight, a trio that took 
67 hours and covered 22,878 miles 
(36,811 kilometers). In February 2006 
Fossett then set a record for the 
world’s longest flight, when he flew 


Globalflyer for 26,389 miles (42,460 
kilometers) in a journey lasting nearly 
77 hours. In September 2007, Fossett 
disappeared in a small airplane while 
in a scouting flight over the Nevada 
desert. He was officially pronounced 
dead in February 2008. 
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A modern aircraft is a highly com- 
plex, computerized machine. To fly it 
properly, a pilot needs technical as well 
as piloting skills. A first officer and 
other cabin crew assist the captain of 
an airliner. Most large commercial 
airplanes have two pilots. (General 
aviation airplanes and helicopters are 
usually flown by a single pilot.) 


Heavy Responsibilities 

The job of an airline pilot can seem 
exciting. Pilots jet around the world, 
and they are well paid, but the routine 
involves hard work, a lot of waiting 
time, and heavy responsibilities. The 
pilot and first officer’s tasks include fig- 
uring out a flight plan showing the 
route, flying height, and fuel capacity. 
They supervise loading and fueling of 
the aircraft, brief the cabin crew, and 
carry out preflight checks. Airline pilots 
must communicate constantly: with air 
traffic control before takeoff, during the 
flight, and while landing, and with their 
passengers during the flight. They check 
the aircraft’s technical performance, and 
position, the weather, and air traffic. At 
the end of a flight, pilots update the air- 
craft logbook and write reports about 
any incidents during a flight. 

At all times, an airline pilot must 
be ready to act promptly should an 
emergency occur. A pilot is responsible 
for the safety of the aircraft and its pas- 
sengers. In the wake of the terrorist 
attacks in New York City in September 
2001, airspace security was tightened up 
to protect potential terrorist targets. 
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> Most airline pilots 

in the United States belong to the 
Air Line Pilots Association, a labor 
union and professional organization 
for pilots founded in 1931. 


Pilots are aware that the FAA 
may impose temporary flight 
restrictions (TFRs) to restrict 
aircraft movements in certain 
areas, for example around air 
shows, space launches, forest 
fires, or presidential visits. 
TFRs also protect potential 
targets, such as military 
bases and government installations. 


Military Pilots 
Military pilots fly with the U.S. Air 
Force, U.S. Navy, U.S. Marine Corps, U.S. 
Army, U.S. Coast Guard, and the Air 
National Guard. In the U.S. Air Force, 
the Air Education and Training 
Command (AETC) is based at Randolph 
Air Force Base near San Antonio, Texas. 
Personnel hoping to become pilots 
receive up to 25 hours of initial flight 
training from civilian instructors. 
Selected candidates move on to further 
training by military instructors. Student 
pilots learn to fly on fairly slow training 
airplanes, such as the turboprop T-6II, 
moving up to the twin-jet T-37, and 
then to a supersonic jet such as the T-38. 
All students learn basic flight skills. 
Then they are selected for one of sever- 
al advanced training tracks, depending 
on the type of aircraft they will fly. 
Helicopter pilots, for example, receive 





special training, on the UH-1 Huey heli- 
copter. Student airlift (transport) and 
tanker pilots train on the T-1A Jayhawk, 
and others fly the T-44 to learn how to 
pilot a multi-engine, turboprop airplane 
such as the C-130 Hercules. 

Pilots complete their training at U.S. 
Air Force bases around the country. For 
example, fighter pilots qualifying from 
the T-38 course at Randolph Air Force 
Base go on to fly the F-15 Eagle at 
Tyndall Air Force Base, Florida, or the 
F-16 Fighting Falcon at Luke Air Force 
Base, Arizona. On completion of their 
military service, many pilots continue to 
fly as civilian pilots. 


SEE ALSO: 
e Barnstorming °@ Blériot, Louis 
e Coleman, Bessie © Curtiss, Glenn 


e Earhart, Amelia ¢ Lindbergh, 
Charles ¢ Night Witches 
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Pitch, Roll, and Yaw 


itch, roll, and yaw are the three 
Pro in which aircraft and space- 
craft can change their direction of 
flight. Pitch, roll, and yaw are rotations. 


When something rotates, it turns around 
an imaginary line called an axis. 


Defining Pitch, Roll, and Yaw 
Imagine an airplane with a stick pushed 
through it from nose to tail, so the plane 
can spin on the stick. This type of rota- 
tion is called roll, and the stick is the roll 
axis. A stick pushed through a plane 
from wingtip to wingtip is the pitch axis. 
A stick pushed through a plane from top 
to bottom is the yaw axis. The position, 
or angle, of an aircraft—the amount of 
pitch, roll, and yaw it has—is called its 
attitude. In a standard airplane, the pilot 
generally can change the plane’s atti- 
tude by operating controls that move the 
elevators, ailerons, and rudder. 


Changing an airplane’s pitch makes 
its nose tip up or down. The pilot 
changes the pitch by using the control 
stick to tilt the elevators, which are at 
the back of the tail. Pulling the stick 
back tilts the elevators up. Air flowing 
over them pushes the plane’s tail down 
and raises its nose. Pushing the stick for- 
ward has the opposite effect. 

Rolling, or banking an aircraft to one 
side, enables it to turn. When it rolls, the 
lift produced by the wings tilts to one 
side instead of acting straight upward. 
The sideways part of the lift pulls 
the plane into a turn. A pilot makes a 
plane roll by pushing the control stick to 
one side or (on a larger airplane) turning 
the yoke on top of the control column. 
This control moves the ailerons, which 
are at the back of the wings. When the 


©) These diagrams show an airplane's three 
principal axes and how the plane rotates around 


them in pitch, roll, and yaw. 
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= The B-2 Spirit Bomber (along 
with other flying wing aircraft) 
has elevons (circled) at the back 
of its wings that function as 
combined ailerons and elevators. 


aileron on one wing tilts 
down, the wing rises. The 
aileron on the other wing 
tilts up, and the wing sinks. 

Yaw is the name for the 
motion when a plane’s nose 
turns to the left or right. 
Yaw is controlled by a rud- 
der, which is mounted on an 
airplane’s tailfin. The rudder 
is operated by a pair of foot 
pedals. Turning the rudder 
to one side pushes the 
plane’s tail to the opposite 
side and swings the nose around. When 
a plane rolls into a turn, the pilot also 
adjusts its pitch and yaw to keep 
the plane’s nose pointing in the right 
direction. 


Alternative Control Surfaces 

Some aircraft do not have ailerons or 
elevators because they do not have nor- 
mal wings and tail. Flying wing aircraft 
have no tail at all. These aircraft use a 
different type of control surface called 
an elevon, which is a tilting part at the 
back of the wing. Elevons combine the 
jobs of the ailerons and the elevators. If 
the elevons tilt up or down together, 
they work like elevators to raise or lower 
a plane’s nose. If they work in opposite 





directions, one up and one down, they 
work like ailerons and make a plane roll. 

Most airplanes have two small wing- 
like parts, one on each side of the tailfin. 
They are called tailplanes, or horizontal 
Stabilizers. An elevator at the back of 
each stabilizer tilts up or down to con- 
trol pitch. Some planes have a different 
type of tailplane. The whole tailplane 
tilts instead of just the elevator. It does 
the job of the stabilizer and elevator 
together and is therefore sometimes 
called a stabilator. Other names for 
this part are all-moving tailplane or all- 
flying tailplane. 

In some fighter planes, the pitch is 
controlled by small, tilting winglets on 
the nose known as canards. 
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Trimming 
The weight of a whole airplane acts as if 
all of its mass were concentrated at one 
point. This point is called the center of 
gravity. If an airplane could hang from a 
wire at this point, it would hang perfect- 
ly level. A flying airplane is held up by 
lift. All the lift acts at one point called 
the center of pressure. Airplanes are 
designed so that the center of pressure 
and center of gravity are close to each 
other, but it is not possible to get them 
in exactly the same place. Both of them 
move during a flight as a plane’s speed 
and attitude change and as it uses up 
fuel. Passengers walking about in an air- 
liner move its center of gravity as well. 
If the center of pressure is in front of 
the center of gravity, it pulls the plane’s 
nose up and the plane is said to be tail- 
heavy. If the center of pressure is behind 
the center of gravity, it pulls the plane’s 
nose down. Then the plane becomes 
nose-heavy. If a plane were consistently 
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nose-heavy or tail-heavy, the pilot would 
have to keep pulling or pushing the con- 
trol stick for long periods to stay level. 
To avoid this, planes have trim control. 
This is usually a wheel, lever, or group of 
switches in the cockpit. Pilots use trim 
control to move the center of pressure 
forward or backward until it lines 
up with the center of gravity, making 
the aircraft level. Small airplanes have 
panels in the tail, called trim tabs. They 
tilt up or down to move the tail up 
or down until the plane is level. Larger 
airliners trim their pitch by tilting the 
horizontal stabilizers in their tail. A level 
plane is called a trimmed plane. 


Helicopters and Spacecraft 

Helicopters also change their attitude by 
pitch, roll, and yaw motions, but they do 
it differently from fixed-wing airplanes. 
Unlike airplanes, helicopters do not have 
wings, ailerons, elevators, or a rudder. 
Instead, they use their main rotor, the 
spinning blades on top, 
for pitch and roll move- 
ments. Tilting the whole 
rotor forward or back- 
ward changes the pitch 
of a helicopter. Tilting 
the rotor to one side or 
the other makes the air- 


CS Helicopters use their 

main rotor, or spinning blades, 
to change their pitch and roll. 
A smaller rotor in the tail 
alters yaw. 
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PITCH, ROLL, AND YAW 


POINTING AT THE HORIZON 


During daylight, pilots often keep an 
aircraft's attitude under control by 
simply looking out of the window. 
To keep an airplane flying straight 
ancmiavel the oll@meKee@s its nose 
pointing at the horizon and the 
wings level with the horizon. This 
is called visual flight. If the horizon Is 
not visible because of darkness or 
clouds, an instrument in the cockpit 
called the artificial horizon is used 
instead. It shows an outline of the 
planes wings in front of a ball with 
the horizon marked on it. Whatever 
way the plane moves, the ball rotates 
to keep Its artificial horizon in line 
with the real horizon. A glance at 
this instrument shows whether or 
not the plane Is level. 


craft roll. Speeding up or slowing down 
the small rotor in the helicopter’s tail 
makes the aircraft yaw to the left or 
right. 

The Space Shuttle looks like a delta- 
wing airplane. It uses elevons in its 
wings to control pitch and roll. A rudder 
in its tailfin controls yaw. It also has a 
hinged panel called the body flap under 
its tail. No other aircraft or spacecraft 
has this control surface, which is used to 
trim the Space Shuttle’s pitch. In space, 
the Space Shuttle is unable to change its 
attitude in the same way as a plane 





©) The Space Shuttle's body flap is installed under 
the main engines. It provides the spacecraft with 
pitch control trim during its descent to Earth. 


because elevons and rudders do not 
work in space. Instead, it fires small 
rocket thrusters in its nose and tail. 


SEE ALSO: 


e Aileron and Rudder e@ Control 


System © Lift and Drag e Tail 
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Pollution 


ollution is the process of making 
Pe environment dirty, dangerous, 
or in other ways unpleasant or 
unhealthy for people, animals, and 
plants. Flying contributes to pollution 
through the emissions from airplane 
engines and through noise and environ- 
mental damage around airports. 
Transportation is a major source of 
air pollution in the United States and 
other industrial nations. Jet engines, like 
automobile engines, burn carbon-based 
fuel. During the burning process or com- 
bustion, airplane engines give off car- 
bon monoxide, carbon dioxide, hydro- 


carbons (compounds of carbon and 
hydrogen), and nitrogen oxides (com- 
pounds of nitrogen and oxygen). These 
substances are all pollutants, and too 
many of them in the atmosphere can 
have damaging effects on people, on 
animals, on plants, and even on build- 
ings. Polluted air is unhealthy to 
breathe. Heavy concentration of pollu- 
tants around cities can form smog, 
reducing visibility and air quality and 
endangering the health of people. 


€) The white contrails of jet planes in the blue 
sky may not look as dirty as the smoky exhaust 
from a truck on the highway, but they contain 


harmful, polluting gases. 
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POLLUTION 


Scientists believe that carbon-based 
pollutants are causing damage to Earth’s 
atmosphere. A buildup of carbon diox- 
ide gas in the atmosphere from burning 
fossil fuels—such as gasoline and avia- 
tion fuel—is thought by many experts to 
contribute to the greenhouse effect. The 
gases trap heat from sunlight, therefore 
contributing to global warming and 
climate change. 

High-flying jet aircraft emit those 
gases close to Earth’s surface and at 
higher altitudes. The primary gas in jet 
engine emissions is carbon dioxide, 
which can linger in the atmosphere for 
up to a hundred years. Aviation emis- 
sions account for up to 4 percent of 
all global carbon dioxide emissions from 
the burning of fossil fuels. Carbon diox- 
ide combined with other airplane 
exhaust gases could be having a much 
greater impact on the air than carbon 
dioxide alone. 

Most legislation passed in recent 
decades to cut air pollution has been 
directed at industry and automobiles. 
With aviation growth at around 5 per- 
cent a year, however, the development 
of cleaner aircraft engines is vital. 

Airports also are a source of pollu- 
tion—not simply because of the number 
of airplanes using them, but because a 
busy airport draws in thousands of cars 
and trucks every day. Airport buildings 
and handling facilities consume a lot of 
energy and produce a lot of waste. Even 
the chemicals used to de-ice airplanes in 
winter pose a pollution risk to the soil 
and the water cycle. 





NOISE POLLUTION 


Aar trariic inereases, there are 
concerns about noise pollution. 
Anyone who has stood on a runway 
close to a Jet plane taking off knows 
that it is very noisy. The loudness Is 
measured in decibels. A jet plane 
taking off can reach 130 decibels. 


Supersonic planes also make a sonic 
boom. Protests about the boom 
ENnCeteeal INe tO Thy. tne 
Concorde on transcontinental super- 
sonic flights in the 1970s. Modern 
turoofan engines are more efficient 
and less noisy than the engines of 
fifty years ago, but many airports 
Suspend flights at night so that local 
residents can sleep undisturbed. 


Some campaigners argue for cuts in 
flights or at least increased airport and 
airline taxes—and thus higher fares— 
to reflect the true environmental cost of 
flying. Aircraft manufacturers respond 
that new airplane engines are becoming 
increasingly efficient and clean. They 
also say the introduction of larger air- 
planes means fewer flights, less fuel 
burned, and therefore less pollution. 


SEE ALSO: 


e Aircraft Design ° Airport è Engine 


e Fuel è Future of Aviation 
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Pressure 


ressure is the pressing effect of 
P: force acting on a surface. 

Scientifically expressed, pressure 
is the force per unit area acting on a 
surface. Pressure (P) is defined as the 
force applied (F) divided by the area (A) 
of application. The equation for pressure 
is: P=F/A. 

When a force acts on a material 
(solid, liquid, or gas), the result is pres- 
sure. The causes of pressure are as var- 
ied as the causes of forces. The force of 
a party balloon squeezing the air inside 
it produces pressure. The weight of a 
book pressing down onto a table pro- 
duces pressure. Oil forced through the 
pipes of an aircrafts hydraulic system 
produces pressure. Gravity pulling 
air against Earth’s surface produces 
atmospheric pressure. 


Atmospheric Pressure 
Atmospheric pressure, or air pressure, 
can be measured in various ways. The 
weight of air pressing down on the 
Earth’s surface produces an air pressure 
at sea level of 14.7 pounds per square 
inch (psi), or about 100 kilopascals 
(100,000 pascals). Meteorologists (weath- 
er scientists) measure pressure in bars. 
The air pressure at sea level is about 
1 bar, or 1,000 millibars. This pressure 
also is known as “1 atmosphere.” 

Air pressure in the atmosphere falls 
with increasing height. Gravity pulls air 
against Earth’s surface. Air at Earth’s 
surface has the weight of all the rest of 
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THE BAROMETER 


Atmospheric pressure is measured 
with an instrument called a barome- 
ter. The first barometer was made 
in 1643 by an Italian scientist named 
Evangelista Torricelli (1608-1647). 
He filled a long glass tube with mer- 
cury. Then he turned the tube upside 
down with its open mouth in a bowl 
of mercury. Some of the mercury ran 
down into the bowl, but not all 
of it. A column of mercury about 
30 inches (76 centimeters) high 
Stayed in the tube. Its weight was 
balanced by air pressure acting 
on the mercury In the bowl. Torricelli 
realized that changes in the 
column's level were due to changes 
in atmospheric pressure. Mercury 
barometers work In this way. 

An aneroid barometer works in 
a different way. It is a sealed can with 
some air taken out. Atmospheric 
pressure squashes the can. The 
amount of squashing changes when 
the air pressure changes. These small 
movements are linked to a needle 
pointing at a pressure 
scale. Because they 
do not need a tall 
tube of mercury, 
aneroid barome- 
ters are much 
smaller than mer- 
cury barometers. 
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PRESSURE 





OA Learjet flying at 41,000 feet (12,500 meters) must be pressurized. At that altitude, passengers 
would lose consciousness without pressurized air. 


the air above it bearing down on it, so 
the pressure is greatest here. Air higher 
in the atmosphere has less air from 
above pressing down on it, so the air 
pressure higher above the ground is 
lower. This is an important factor to 
consider for a person flying high in the 
atmosphere or going into space. 
One-fifth of air, or about 20 percent, 
is oxygen. The thin, low-pressure air at 
the top of a high mountain contains the 
Same percentage of oxygen as air near 
the ground, but because there is less air 
at high altitude, there is also less oxy- 
gen. The human body is very sensitive to 
sudden, even small, changes in pressure. 
Going up a tall building in a fast eleva- 
tor can make someone’s ears pop. The 
shortage of oxygen in low-pressure air 
at high altitudes can cause more severe 
effects. When people go higher in the 
atmosphere, they may experience a vari- 
ety of problems due to low air pressure. 


Mountain climbers can suffer headaches, 
nausea, and dizziness when at altitude. 


Adjusting Pressure 
Big drops in air pressure are even more 
serious. Pilots and passengers of high- 
flying aircraft need protection from the 
low air pressure outside of the plane. 
Early airliners did not fly higher than 
about 10,000 feet (3,050 meters)—above 
that height, some passengers began to 
feel faint. To fly higher safely, an aircraft 
has to be pressurized. Extra air is 
pumped inside a modern airliner to raise 
the pressure. The air inside a pressurized 
airliner is not at sea level pressure. It is 
the same as the pressure at an altitude of 
about 8,000 feet (2,500 meters), which is 
about 11 psi, or 75.8 kilopascals. 
Fighter pilots sit in a pressurized 
cockpit, but they also wear an oxygen 
mask in case the canopy shatters and the 
cockpit loses pressure. 
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PRESSURE 





If an airliner suffers a sudden loss of 
pressure at its cruising altitude of about 
35,000 feet (10,600 meters), oxygen 
masks drop down automatically from 
the ceiling. The crew and passengers 
have about 30 seconds to put them on 
before losing consciousness. 

The Space Shuttle and International 
Space Station (ISS) are both pressurized 
to sea level pressure. The spacesuits 
worn by astronauts, however, are pres- 
surized to only 4.3 psi (about 30 kilopas- 
cals) to prevent them from blowing up 
like a balloon. If an astronaut breathed 
air at such a low pressure, there would 
not be enough oxygen, so the suit is 
supplied with pure oxygen. 
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©) An astronaut on the International Space 
Station in 2001 tests an airlock that allows the 
crew to leave the station on space walks. 


Because the pressure in a spacesuit 
is much lower than the pressure inside 
the spacecraft, the air pressure around 
astronauts preparing to leave their 
spacecraft is lowered in stages so that 
they can adjust safely. The day before 
a spacewalk, the air pressure inside 
the Space Shuttle is lowered to 10.2 psi 
(70 kilopascals). Space Station astro- 
nauts spend several hours inside an air- 
lock where the air pressure is even lower, 
to prepare for the lower pressure inside 
their spacesuits. 
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HIGH RISKS 


Early balloonists were the first avia- 
tors to discover the hazards of high- 
altituce TiChtaehimsecetember 5, 
1862, Henry Coxwell and James 
Glaisher made a balloon ascent to 
more than 30,000 feet (9,100 


meters). No manned balloon had 
flown as high before. As they passed 
29,000 feet (8,850 meters), Glaisher 
became paralyzed. Then he lost con- 
sciousness. Coxwell lost the use of 


his arms and had to use his teeth to 
pull the rope that released hydrogen 
from the balloon and let them 
descend. They both survived. 


Using Pressure 

Aircraft and spacecraft can use different 
kinds of pressure in their operations. 
When a large liquid-fuel rocket is fired, 
pumps feed fuel to the engine. Pumps 
are too big and heavy for small rockets 
and spacecraft, so they use pressure 
instead. A high-pressure gas, such as 
helium, pushes the fuel from its storage 
tank to the engine. 

Aircraft use high-pressure oil in their 
hydraulic systems. Hydraulic systems 
are those operated by liquid. Liquids 
cannot be squashed as much as gases 
because their molecules are already 
close together. This causes liquids under 
pressure to transmit force from one 
place to another. A digging machine 








©) Mechanics change the engine hydraulics pump 
on a cargo plane. Cargo planes also use hydraulics 
to operate their cargo doors and loading ramps. 


works in this way. Oil pumped through 
flexible hoses operates mechanical 
pushers called rams, which move the 
digger’s arm. Modern automobile brakes 
also work by hydraulic power. An air- 
crafts hydraulic system uses oil pressure 
to move its control surfaces and raise its 
landing gear. Cargo planes use hydraulic 
pressure to operate their cargo doors and 
loading ramps. Rockets use hydraulic 
power, too, when they swivel their 
engine nozzles for steering. 


SEE ALSO: 
e Air and Atmosphere œ% Altitude 


e Astronaut 
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Propeller 


propeller is a set of long blades 
Aes to a hub in the center. 
The job of a propeller is to 
change the turning force, or torque, of 


an engine into thrust. Thrust is the force 
that moves an aircraft through the air. 


Propellers and Engines 

More than 100 years ago, the first air- 
planes were powered through the air by 
propellers. When the jet engine was 
invented, it looked like the propeller’s 
days might be over. Even in the age of 
jets and rockets, however, propellers are 
still widely used. A piston engine driv- 
ing a propeller is still the best way to 
power a small plane today. 

There also are many turbine-powered 
planes with propellers. A turboprop 
engine runs a lot faster than the best 
speed for the propeller it controls, so the 
engine and propeller are connected by a 
gearbox. Just as a cars gearbox lets its 
engine and wheels run at different 
speeds, a turboprop’s gearbox allows the 
engine to run at its ideal speed and the 
propeller to spin more slowly. 


How Propellers Work 
When a propeller spins, its blades cut 
through the air. The blades work like 
wings standing on end, whirling around 
in a circle and producing thrust in a 
forward direction. 

The first airplane propellers were 
made from a solid block of wood. The 
angle, or twist, of these early propellers’ 


448 


TWISTING BLADES 


To work most effectively, propeller 
blades (like wings) have to meet the 
alr at the right angle, which Is called 
the angle of attack. Ihe blades follow 
a complicated path through the air. 
They are rotating at the same time as 
the aircraft moves forward, so they 
follow a spiral path through the air. 
maoncer tor tnetoaaes to mecttne 
air at the right angle, they have to 
be twisted. 

A propeller's blades are twisted 
more near the center than at the tip. 
Anyone who has ridden a merry-go- 
round or carousel knows that some- 
one at the outside edge goes a lot 
faster than someone near the center. 
The reason Is that the person on the 
outside edge has to go a lot farther 
than someone near the center to 
make one spin of the merry-go- 
round. The two journeys take the 
Same time, So the person at the edge 
travels Taster .|t ISMiemsatien Ohad 
propeller. The tio of a blade goes 
faster than the part closer to the 
center, so the tip does not have to be 
twisted as much to create the same 
thrust as the rest of the blade. 





blades could not be changed. The angle 
of the blades also is called the pitch, so 
these propellers are called fixed-pitch 
propellers. They worked most effectively 
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PROPELLER 


at one particular speed. They did 
not work as well when a plane 
was moving slower or faster than 
this ideal speed. 

Propellers with variable pitch 
allowed the blades to be twisted a 
little more or a little less so that 
the propeller worked better at 
different speeds. At first, the 
angle had to be changed by hand, 
and there were only two or three 
settings to choose from. Modern 
variable-pitch propellers auto- 
matically change the angle of the 
blades to suit the plane’s speed. 

If an aircraft engine breaks 
down during a flight, air rushing 
through the propeller blades keeps the 
propeller spinning. A propeller that 
spins freely in this way causes drag. 
Extra drag on one side of a plane acts 
like a brake and makes the plane turn to 
that side. Some propellers are designed 
to prevent this from happening. They 
have blades with edges that can be 
turned toward the air to cut their drag. 
This is called feathering. Some planes 
can actually reverse their propeller 
blades so that they blow air forward 
instead of backward, a process called 
reverse thrust. It helps cargo planes, 
such as the military C-130 Hercules, stop 
a short distance after landing. 

The amount of thrust a propeller pro- 
duces depends on the amount of air it 
pushes backward and how much it 
speeds up the air. Making a propeller 
bigger or spinning it faster produces 
more thrust. Adding more blades to a 





OVA turboprop is a turbine engine that turns 


a propeller. 


propeller also produces more thrust. The 
most efficient propellers move a large 
amount of air and speed it up a little. 
Propeller planes are unable to 
increase their speed indefinitely. When 
they reach a speed of about 520 miles 
per hour (840 kilometers per hour), their 
propellers stop working so well. The 
problem is that the tips of the blades are 
moving faster than the speed of sound. 
The way that air flows around the blades 
changes at the speed of sound, and so 
propellers are no longer very good at 
producing thrust. The fastest that most 
propeller planes can fly is about 450 
miles per hour (720 kilometers per hour). 


Pusher Propellers 

Modern propeller planes have their pro- 
pellers at the front, pulling the plane 
through the air. These are called tractor 
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PROPELLER 


propellers. In the early days of aviation, 
it was just as common for planes to have 
their propellers at the back, pushing the 
aircraft. The first successful powered air- 
plane, the Wright brothers’ Flyer, had 
two pusher propellers behind the wings. 
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Pusher propellers were popular because 
they did not get in the way of the air 
flowing over the wings. Without an 
engine or propeller in the way, the pilot 
had a great view ahead. It also was eas- 
ier to fit guns in the nose of a fighter 


PROPROTORS 


The strangest propellers are called 
proprotors. They have this name 
because they work like helicopter 
rotors part of the time and like 
propellers the rest of the time. 
Compared to regular propellers, 
proprotors are enormous. The 
propellers of a C-130 Hercules 
cargo plane, for example, are 13.5 
feet (4 meters) across. The V-22 
Osprey's proprotors are nearly 
three times as big: 38 feet (12 
meters) across. When the Osprey 
is on the ground, Its engines are 
tipped up, pointing straight up in 
the air. Its two propellers look like 
helicopter rotors, and they work in 
the same way—when they spin, 
they lift the Osprey straight up 
into the air. Then the engines 
swivel forward, and the rotors 
work like propellers. 


© The Osprey's engines and pro- 
pellers tilt up (top left) for vertical 
takeoff. The engines tilt down and 
the propellers face forward (bottom 
left) for level flight. 
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©) The propellers of a C-130 Hercules go into 
reverse to slow it down when landing. 


plane that had its engine and propeller 
mounted in back. 

Pusher propellers had drawbacks, 
however. They made it harder for pilots 
to escape from planes in the air without 
hitting a propeller. Also, the heavy 
weight of an engine at the back of a 
plane could be dangerous in a crash. It 
could move forward and crush the cock- 
pit. The problem of fitting guns to fight- 
er planes with propellers at the front was 
solved during World War I (1914-1918) 
by a device called an interrupter gear. It 
stopped a machine gun from firing when 
a propeller blade was in front of the gun 
barrel. The gun was synchronized to fire 
through the spaces between the blades. 
By the end of the war, nearly all fighter 
planes had their propellers at the front. 


Push-Pull Aircraft 

A few planes were built with one pro- 
peller at the front and another propeller 
at the back. They were called push-pull 
aircraft. The German Dornier Do-335 of 
the 1940s was a push-pull fighter. With 
one engine and propeller at the front 
and another at the back, it was very fast. 
The push-pull layout has been used in 
experimental aircraft, too. Voyager, the 
first plane to fly around the world with- 
out landing anywhere or refueling on 
the way, was a push-pull plane. It had 
an engine and propeller in its nose and 
another set in its tail. Its 25,000-mile 
(about 40,250-kilometer) flight took 
nine days in 1986. 


SEE ALSO: 


e Engine è Helicopter ¢ Thrust 
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. adar is a system that uses radio 

waves to detect and locate objects 

and movement. It has become a 

vital tool for safety and other purposes 
in aviation and spaceflight. 

Air traffic control systems use radar 
to monitor aircraft movements and 
guide pilots safely. They use two types 
of radar. Primary radar locates an air- 
craft. Secondary radar transmits a signal 
that is received by a transponder (trans- 
mitter responder) in the plane. The 
transponder responds by sending back 
information about the aircraft, such as 
its call sign and current altitude. 

Airliners and other aircraft are 
equipped with their own weather radar. 
The nose of an airliner contains a small 


radar antenna that scans the sky ahead 
of the aircraft and detects storms. Then 
the crew can change course as needed. 


The basic principle of radar is very sim- 
ple. It sends out radio waves and then 
picks up any waves that are reflected 
back. Most radar systems are more com- 
plex, however, and they can tell much 
more about an object than just the fact 
that it is there. They can show its loca- 
tion, bearing (direction), range (dis- 
tance), velocity, and altitude. 

A radar system has four main parts. 
A transmitter produces radar signals. 


A C-12 airplane used by U.S. Customs and 
Border Protection has a belly-mounted radar 


system that gives it long-range radar capability. 
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RADAR 





An antenna sends signals in the form of 
electromagnetic waves and picks up any 
reflections that return. A receiver ampli- 
fies the weak radar reflections and ana- 
lyzes them. A display shows the received 
information on a screen. 

Radar uses short radio waves called 
microwaves. The simplest type of radar 
is pulse radar. It sends out short bursts, 
or pulses, of radio waves and listens for 
any reflections that bounce back from a 
target, such as an aircraft. The direction 
from which the reflection comes shows 
the aircraft’s bearing. The time the pulse 
takes to bounce back gives its range. 


Antennae 

A dish-shaped antenna can be steered to 
scan a particular area of the sky. It may 
swing back and forth, or it may rotate so 
that it scans the whole sky in all direc- 
tions. The most modern radar systems 
use a flat antenna that stays fixed in one 
place. A flat antenna is constructed from 


GA simple radar has an antenna that sends 
out signals in the form of pulses of radio 
waves. It picks up any echo pulses that come 
back and uses them to measure an object's 
distance and movement. 


DOPPLER RADAR 


When a police car races past sound- 
ing Its siren, the sound rises in pitch 
as the car approaches and falls as It 
goes away. This is called the Doppler 
effect, and it happens with all kinds 
of waves, including microwaves. 
Radar equipment can be designed 
kommMake Use Om this erect It can 
Show If something Is flying toward 
the radar antenna or away from it, 
and how fast. A type of radar called 
Doppler radar was developed in the 
1960s. It uses continuous radar 
waves instead of pulses. Pulse- 
Doppler radar systems combine 
basic pulse radar systems with 
Doppler radar. 

At first, Doppler radar was used 
mainly for weather forecasting. By 
the 1980s, Doppler weather radars 
were able to measure the speed and 
direction of raindrops inside clouds 
and storms. Portable Doppler radars 
carried on the back of trucks are 
used to study the most extreme 
weather systems, especially thun- 
derstorms and tornadoes. 
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thousands of small, electronic transmit- 
and-receive modules, and the radar 
beam is steered electronically. These 
radars are called electronically scanned 
arrays, or phased arrays. They can scan 
far faster than a rotating dish antenna, 
they can track many more targets, and 
—with fewer moving parts—they are 
more reliable. 

Advanced combat aircraft, such as the 
F-22, are equipped with electronically 
scanned array radar. They can locate and 
track multiple high-speed targets and 
pass on the target information to the air- 
crafts weapons systems. 


The Development of Radar 

The invention of radar can be traced 
back to experiments with radio waves 
carried out by physicist, Heinrich Hertz 
(1857-1894). Hertz discovered that radio 
waves passed through some materials 
and were reflected by others. In 1904, 
scientist Christian Hülsmeyer showed 
that radio waves could detect ships, and 
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GS Dish antennae such as these at a tracking 
station in California swivel to pick up signals. 


he suggested that this ability might be 
used to avoid collisions at sea, but there 
was no interest in his idea. 

In 1922, the effect was rediscovered 
when a ship on the Potomac River in 
Washington, D.C., caused a disturbance 
to radio signals being sent across the 
river. An airplane was detected by radar 
for the first time in 1930. 

As World War II approached, scien- 
tists in Britain and Germany stepped up 
their research into radar. The first prac- 
tical radar system for air defense was 
developed in Britain by Sir Robert 
Watson-Watt in 1935. During the war, 
the British coastline was protected by a 
system called Chain Home. When the 
system detected approaching aircraft, 
the planes’ positions were plotted on a 
map in a control room. Fighter pilots 


€ Soldiers of the U.S. Army Signal Corps used 
this early radar system in Italy in 1944. 
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RADAR 


were then given instructions by radio to 
guide them toward the incoming enemy 
aircraft. Germany also developed an air 
defense radar system, called Freya, dur- 
ing World War I. In addition, radar was 
also used to guide searchlights and anti- 
aircraft guns. 

These early radar systems were too 
big and heavy to install in an aircraft. In 
1939, however, scientists at Birmingham 
University, England, invented a device 
called a cavity magnetron, which 
enabled radar equipment to transmit and 
receive much shorter radio waves. This 
made it possible to build smaller and 
more powerful radar equipment, light 
enough to be carried by aircraft. As 
they developed, these systems had been 
known as RDF (radio direction finding). 
In 1942, the term radar (short for radio 
detection and ranging) came into use. 

In 1943, British bombers were 
equipped with a radar system named 
H2S. It pointed downward and showed a 
map of the ground on a screen inside the 
aircraft. It enabled bombers to find their 
targets through the cloud cover. An 
improved U.S. system called H2X was 
developed in 1945. 


Using Radar in Space 

Since the early days of manned space- 
flight, spacecraft have been able to dock 
(link up) with each other. The Gemini 
program carried out the first docking in 
1966 as a step toward a successful Moon 
landing mission. Apollo Command 
Modules docked with the U.S. Skylab 
Space station. The Space Shuttle, Soyuz 


DEFEATING RADAR 


During ane Golg@eyvar, the United 
States and Soviet Union competed 
with each other to produce the most 
advanced military radar for their 
combat aircraft. They also developed 
ground-based radar to give early 
warning of a missile attack. This 
competition led to research into 
ways of defeating enemy radar. There 
are six main methods used to con- 
fuse or block radar systems: 


e Electronic jamming: Sending 
out radio signals to block or swamp 
enemy radar. 


e Generating false targets: 
Sending out radio signals that make 
extra, confusing information appear 
on enemy radar screens. 


e Chaff: Dropping metal strips from 
an aircraft to create confusing radar 
reflections. 


e Decoys: Employing small flying 
objects that look like full-size 
aircraft on a radar screen. 


e Anti-radiation missiles: 
Destroying enemy radar by homing 
in on radio signals they transmit. 


e Stealth: Manufacturing military 
aircraft that produce little or no 
radar reflection. 
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capsules, and unmanned Progress sup- 
ply craft have docked with the Russian 


Mir space station and with the 
International Space Station. 

Docking is a difficult maneuver. In 
Space, without any nearby landmarks by 
which to judge distance and speed, it 
is almost impossible to determine how 
far away a Spacecraft is or how fast 
it is moving. A crew onboard the Mir 
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CG Joining one spacecraft 
with another in space is 
called docking, and radar is 
needed for this maneuver 
to measure distances and 
speed of approach. This 
computer-generated image 
shows the Space Shuttle 
Atlantis docked to the 
Russian space station Mir, 
which orbited Earth from 
1986 to 2001. 


Space station in 1997 
discovered this problem 
when they were docking 
an unmanned supply 
craft with their space sta- 
tion without the use of 
radar. The craft, controlled 
by a cosmonaut in Mir, 
approached the station too 
fast and crashed into it. 

Radar is usually used 
for all docking maneuvers. 
It provides accurate meas- 
urements of the distance 
between spacecraft and 
their closing speed. Linked 
to a spacecraft’s guidance system, it can 
carry out docking automatically. When 
the Apollo lunar excursion modules 
descended from lunar orbit to the 
Moon’s surface during the Apollo land- 
ings of the 1960s and 1970s, the descent 
was controlled by radar. Landing radar 
kept the guidance computer constantly 
updated with data on the spacecraft’s 
altitude and rate of descent. 
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Radar’s Many Uses 

Many home security systems have 
motion detectors that sense when 
someone is moving around in a 
room. Some of these detectors 
work by picking up the heat of the 
person’s body, but others use 
radar. They flood the room with 
microwaves that bounce back to 
the detector. If someone enters the 
room, the steady pattern of reflec- 
tions is disturbed, and an alarm 
sounds. 

Some of the cameras used to 
monitor the speed of vehicles on 
highways work by radar. The radar 
system measures the speed of the 
vehicles. If a vehicle is moving 
faster than the speed limit, the 
radar system triggers a camera 
that photographs the car, includ- 
ing its license plate, so it can be 
traced to the speeding owner. 

Archaeologists use a variety of 
methods to map structures under- 
ground and ground-penetrating 
radar is one of these methods. 
Radar can probe down to 33 feet 
(10 meters) deep and show buried 
features of ancient buildings such 
as walls and floors. 


SEE ALSO: 
e Air Traffic Control 


e Communication 
e Space Race © World War I 





RADAR 


HOW SPACE PROBES 
MAKE MAPS 


Space probes use radar to make maps of 
planets. As they orbit the planet, they fire 
radar pulses at the planet's surface. This 
measures the distance between the space- 
craft and the planet and thereby builds up 
a map of its surface shapes. The bigger a 
radar antenna is, the more detailed a map it 
can make, but spacecraft can only be fitted 
with small antennae. Clever signal process- 
ing enables these small antennae to work 
as if they are much bigger. A number of 
radar reflections are put together in a 
series as if they had come from one big 
antenna instead of a small antenna moving 
along. [his is called synthetic aperture 


radar (SAR). The Magellan space probe 
mapped Venus using SAR. Remote sensing 
satellites in Earth orbit also use SAR to pro- 
duce detailed images of our planet. 


©) A SAR image shows lowlands, ridges, hills, and 
(right) an impact crater on the surface of Venus. 
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Relativity, Theory of 


n the early 1900s Albert Einstein 
| (is72-1955 produced two theories 

that caused a revolution in science. 
Together, they are known as the theory 
of relativity. 

The first of Einstein’s relativity theo- 
ries is his Special Theory of Relativity of 
1905. This states that: 

(1) The laws of physics are the same 
for people moving at different speeds. 

(2) The speed of light is always the 
same for all observers, no matter how 
fast they are moving. 

These two simple principles produce 
some surprising effects when speeds 
close to the speed of light are involved. 

There is no such thing as absolute rest 
anywhere in the universe. Someone 
standing still on Earth is actually moving 
because Earth is spinning. The planet 
also is orbiting the Sun. The Sun orbits 
the center of the Milky Way (our 





458 


galaxy), and the Milky Way moves 
through space among billions of other 
galaxies that also are moving. Any 
observer can say that he or she is at rest 
and everything else in the universe is 
moving in relation to—or relative to— 
him or her. This phenomenon gives 
relativity its name. 

One of the most surprising effects of 
relativity is that times and lengths 
depend on who measures them. Imagine 
that one person stays on Earth while her 
twin goes on a long spaceflight almost 
as fast as the speed of light. The person 
on Earth would see the spacecraft 
become shorter as it accelerates toward 
the speed of light. This is called Lorentz 
contraction. Also, time runs more slow- 
ly as speed increases. When the astro- 
naut twin returns to Earth, she would be 
younger than her earthbound twin. This 
is known as the “twins paradox.” 

The Special Theory of Relativity also 
predicts that as something goes faster, it 
becomes more and more 
difficult to make it go 
even faster. The more 
energy it has, the more 
inertia it has. Einstein 
also showed that energy 


G The twins paradox illustrates 
Einstein's theory that if two 
bodies at the same point 
accelerate to different speeds 
and then meet again, they 

will find that a different 
amount of time has elapsed 

for each of them. 
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RELATIVITY, THEORY OF 





If Space were a stretched rubber sheet, a heavy 


ball on the surface would curve the sheet by sink- 
ing into it. According to Einstein's General Theory 
of Relativity, gravity occurs because smaller mov- 
ing objects curve toward the larger mass. 


and mass are linked. He produced his 
famous equation, E=mc?, to show how 
they are related. In this equation, “c” is 
the speed of light, a huge number, so 
even a tiny mass (m) is equivalent to an 
enormous amount of energy (E). 

In 1915, Einstein produced a new 
theory, his General Theory of Relativity, 
which added the effect of gravity to the 
Special Theory. Nobody had been able to 
explain how gravity works. Einstein 
imagined that space is flat and all 
objects dent it, like heavy weights sitting 
on a stretchy sheet. In other words, mass 
bends space. The paths of moving 
objects curve toward massive objects, 
simply because space itself is curved 
there. Light also is bent by curved space. 





TIME CORRECTION 


Global Positioning System (GPS) 
navigation satellites fly around the 
world at 7,000 miles per hour 
(11,300 kilometers per hour). 


According to special relativity, their 
onboard clocks should run more 
Slowly than clocks run on Earth. 
According to general relativity, the 
curving of space caused by Earth has 


the opposite effect. It makes the 
clocks run faster than clocks on 
Earth. The result of these two coun- 
teracting effects Is that the satellite 
clocks run 38-millionths of a second 
faster every day than clocks on 
Farin: limis <a Uny erormeul GPS 
clocks have to be more than 1,000 
times more accurate than this. So 
Satellite clocks are deliberately set to 
run slow before they are launched, 
SO Maiaugey arc COMeGm Inn Or Olt 


Relativity is not just a strange set of 
ideas and mathematics. Its effects are 
real. Observations and experiments have 
confirmed many of its predictions. 
Spacecraft designers and planners of 
Space missions have to allow for them. 


SEE ALSO: 
e Einstein, Albert è Global 


Positioning System © Spaceflight 
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Ride, Sally 


Date of birth: May 26, 1951. 

Place of birth: Los Angeles, California. 
Major contribution: First American 
woman to reach space. 

Awards: Induction into National Women's 
Hall of Fame and the Astronaut Hall of 
Fame; Jefferson Award for Public Service; 
Von Braun Award; Lindbergh Eagle; NCAA's 
Theodore Roosevelt Award; NASA Space 
Flight Medal (twice). 


fter graduating from high school 
Ae Los Angeles, California, Sally 

Ride went on to attend Stanford 
University in California. She graduated 
in 1973 with degrees in physics and 
English. Deciding to focus on astro- 
physics, Ride earned her master’s degree 
in 1975 and her doctorate in 1978, both 
from Stanford. 

In January 1978, Ride was one of six 
women chosen by NASA for astronaut 
training. Her first chance to fly in space 
came in 1983. On June 18, she joined 
four other astronauts on STS-7 aboard 
the Space Shuttle Challenger. Ride’s 
main task was to work the Space 
Shuttle’s robot arm. This mission was 
the first to use the robot arm to deploy 
and to retrieve a satellite. STS-7 flew for 
six days before returning to Earth. 

Ride’s second mission, STS 41-G, 
took off on October 5, 1984. Once again 
She flew in the Space Shuttle Challenger. 
This mission lasted eight days, and Ride 
worked the robot arm to deploy a satel- 
lite. The seven-member crew also carried 
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O Sally Ride, shown monitoring control panels 


on the Space Shuttle flight deck, was a Space 
Shuttle mission specialist in 1983. 


out experiments. This flight made Ride 
the first American woman to fly twice 
in space. Fellow astronaut Kathryn 
Sullivan became the first American 
woman to walk in space. 

Ride was assigned a further Space 
Shuttle flight in 1985 and began prepar- 
ing for a launch the next year. That mis- 
sion was canceled when, in January 
1986, Challenger exploded shortly after 
takeoff. The Challenger disaster caused 
NASA to ban further Space Shuttle 
flights until the cause of the explosion 
could be determined. Ride was chosen to 
sit on the commission that investigated 
the accident. 
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RIDE, SALLY 


After that work was complete, she 
transferred to NASA headquarters in 
Washington, D.C., where she worked on 
long-range planning for the agency. Her 
Ride Report, issued in 1987, recommend- 
ed using the technology of space explo- 
ration to study conditions on Earth. This 
Mission to Planet Earth, as it was called, 
has been undertaken by NASA. Much of 
the research focused on the issue of cli- 
mate change. Another Ride recommen- 
dation was to begin planning 
for a mission to Mars. At the 
time, NASA did not pursue 
this plan, but instead focused 
its work on the International 
Space Station. 

In 1987, Ride left NASA to 
accept a position at the 
Stanford University Center for 
International Security and 
Arms Control. Two years 
later, she joined the faculty of 
the University of California at 
San Diego, where she taught 
and carried out research in 
physics. For many years, Ride 
also directed the California 
Space Science Institute, although 
she left that post to focus on research, 
teaching, and her many other activities. 

Over the next twenty years, Ride 
served on several government commit- 
tees involved with space and technolo- 
gy. When the Shuttle Columbia exploded 
in 2003, NASA launched a new investi- 
gation. As with the Challenger incident, 
Ride was a member of the commission 
studying that accident. 


Ride also dedicated herself to pro- 
moting interest in science and space 
exploration among young people, espe- 
cially girls. She wrote several children’s 
books on space and took an active role 
in other efforts to build the popularity of 
space exploration. In 2001, she founded 
her own company, Sally Ride Science, 
to motivate girls and young women to 
pursue careers in science, math, and 
technology. 





©) On June 21, 2003, at the Kennedy Space 
Center in Florida, Sally Ride was inducted 

into the U.S. Astronaut Hall of Fame. Alongside 
her on the platform are former astronauts, 

all members of the Hall of Fame. 


SEE ALSO: 


e Astronaut @ Challenger and 


Columbia ¢ NASA ¢ Space Shuttle 
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Rocket 


rocket is a type of jet engine. It 
An three main parts: its struc- 

ture, a guidance system, and a 
propulsion system. The structure is the 
basic frame of a rocket. The guidance 
system keeps the rocket on course. The 
propulsion system comprises the rocket’s 
engines. A rocket carries a payload—the 
spacecraft that is launched by the rocket. 
Rockets contain everything they need to 
work and do not need to take in air. 


The History of Rockets 
It is not known who built the very first 
rocket, but it is believed that some form 


of rocket was made in China sometime 
before 1200, perhaps as long ago as 200 
B.C.E. Early rockets were like fireworks, 
propelled by a mixture of chemicals 
called black powder. The first recorded 
use of rockets in war was at the Battle of 
Kai-Feng in 1232, when a Mongol attack 
on the Chinese city of Kai-Feng was 
fought off with the help of rockets. 

In the eighteenth century, British 
forces came under rocket attack in India. 
They were so impressed with the rockets 
that a British artillery officer, Sir 
William Congreve, developed solid fuel 
military rockets for the British army. 
Congreve’s rockets were used during the 
Napoleonic Wars in Europe. 


KONSTANTIN TSIOLKOVSKY (1857-1935) 


Konstantin Tsiolkovsky, spaceflight’s earliest pioneer, was a Russian schoolteacher 
who wrote scientific studies of rockets and space travel. In 1898, Tsiolkovsky wrote an 
article entitled "Investigating Space with Rocket Devices" that presented the scienti- 
fic principles of spaceflight. Over the next thirty or so years, Tsiolkovsky wrote a series 
of scientific and mathematical studies of rocket engines, rocket fuels, spacecraft in 


orbit, soace stations, and even spacesuits. 
The many honors he was awarded included 
a lifetime pension from the Soviet state 
that enabled him to retire from teaching 
and work full-time on spaceflight. All of 
Tsiolkovsky's work was theoretical. He 
never carried out any experiments with 
rockets, but rocket scientists and engineers 
in the Soviet Union and other countries 
have studied Tsiolkovsky's work. 


©) Konstantin Tsiolkovsky with a model of an early Russian rocket. 
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ROCKET 


These early rockets were very inaccu- 
rate. Like firework rockets, they relied on 
a long stick to keep them pointing in the 
right direction and to stop them from 
tumbling. This was improved upon in 
1844, when William Hale designed a 
rocket that spun as it flew through the 
air. The spinning kept it flying straight 
and true. These early military rockets 
were overtaken by advances in artillery. 

In 1898, a Russian schoolteacher 
named Konstantin Tsiolkovsky wrote the 
first serious study of spaceflight using 
rockets. In the 1920s, rocket research 
flourished in several countries. In the 
United States, Robert H. Goddard 
launched the first liquid-fuel rocket. 
Amateur rocket scientists in Germany 
began developing rockets that led to the 
first modern rocket-propelled weapons 
in World War II. 





The Engine and Fuel 

The force produced by a rocket engine is 
called thrust. The upward force of thrust 
must be greater than the downward 
force of gravity if a rocket is to take off. 
One measure of an engine’s power and 
efficiency is its thrust-to-weight ratio. 
Rockets have the highest thrust-to- 
weight ratios of all engines. 

Most rockets work by means of chem- 
ical reactions, combining two chemicals, 
or propellants: a fuel and an oxidizer. 
The oxidizer, consisting of oxygen or a 


ean cella 


= A rocket must produce huge upward thrust to 
get into space. It does this by producing a high- 





pressure jet of hot gases. 
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ROCKET 


chemical containing oxygen, is needed 
to burn the fuel. Burning produces hot 
gases that expand rapidly and rush out 
of the engine nozzle at high speed. 
According to Newton’s third law of 
motion, the gas jet pushes against the 
rocket, and the rocket pushes back 
against the gas jet with the same force. 
The result is that the rocket is thrust in 
one direction as the gas flies in the 
opposite direction. 

Other types of rockets produce thrust 
from a high-pressure jet of water, air, 
steam, or another gas. Ion engines pro- 
duce thrust by accelerating electrically 
charged gas particles. 
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One way to make a rocket accelerate 
faster, go farther, or carry a heavier pay- 
load is to make it lighter. For this reason, 
large rockets usually are built as a series 
of rockets standing on top of each other. 
The individual rockets are called stages. 
When each stage uses up its fuel, it falls 
away and the next stage fires. This 
enables the rocket to get rid of unneces- 
sary weight that would slow it down. 


Solid-Fuel Rockets 

Solid-fuel rockets are the simplest and 
oldest type of rockets. Aircraft have 
been armed with solid-fuel rockets since 
World War I, when they were used to 
attack airships and observation bal- 
loons. Rockets fired from one aircraft at 
another aircraft are called air-to-air 
rockets. The airships and balloons were 
filled with hydrogen, which burned if a 
flaming rocket flew into it. The problem 
was that the planes of the day also were 
made of flammable materials, so firing 
rockets from them was dangerous. The 
rockets also were inaccurate and rarely 
hit their targets. 

Small air-to-air rockets were used 
again in World War II. They enabled 
fighters to attack bombers without com- 
ing within range of the bombers’ guns. 
These small rockets were unguided—they 
were aimed simply by pointing the 


© The Space Shuttle has two solid rocket boost- 
ers (SRB) that are strapped to its external fuel 
tank. The SRB are discarded about 2 minutes after 
liftoff, and they fall back to Earth to be retrieved 
and reused. 
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ROCKET 


ROBERT H. GODDARD (1882-1945) 


Robert Hutchings Goddard was an American scientist and inventor who developed 
the modern liquid-fuel rocket. He received patents for a liquid-fuel rocket and a two- 
Stage rocket In 1914. In 1919, Goddard wrote a paper called “A Method of Reaching 
Extreme Altitudes, in which he talked about sending a rocket to the Moon. He was 
ridiculed at the time for even suggesting such a crazy idea. In 1926, Goddard suc- 


whole plane. In the 1950s, air-to-air 
rockets were replaced by guided missiles. 

Solid-fuel rockets are used to help 
launch spacecraft. Space launch rockets 
are liquid-fuel rockets, but they can be 
made more powerful by strapping solid- 
fuel rockets around them. The solid rock- 
ets provide extra power for liftoff. Extra 
rockets used like this are called boosters. 
The Space Shuttle is launched with the 


ceeded in building and launching the 
first liquid-fuel rocket. Powered by 
gasoline and liquid oxygen, the small 
rocket rose to a height of 41 feet (12 
meters). Goddard went on to build 
bigger and more powerful rockets. 
Some of them climbed higher than 
9,000 feet (2,740 meters) and went 
faster than the speed of sound. 
Goddard was the first person to steer 
a rocket by using vanes in the rocket 
exhaust, and he designed the first 
gyroscopic systems for guiding rock- 
ets. NASA's Goddard Space Flight 
Center is named in his honor. 


© Robert Goddard displays his liquid 
oxygen-gasoline rocket before its 


successful launch in 1926. 





help of two solid rocket boosters (SRB). 
They burn powdered aluminum fuel with 
ammonium perchlorate oxidizer. The 
propellants are mixed as liquids and 
then set hard in a mold. A hole runs 
through the center of the rocket. When 
the propellants are ignited, they burn 
from the inside out. Once _ solid-fuel 
rockets have been lit, they cannot be 
turned off. 


465 


(c) 2011 M.E. Sharpe, Inc. All Rights Reserved. 
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Liquid Fuel and 
Other Propellants 
Controlled spaceflight needs a rocket in 
which the power can be varied and 
turned on and off. Liquid-fuel rockets 
can be controlled in this way. Liquid-fuel 
rockets are more complicated than solid 
rockets, because piping, valves, and 
pumping systems are needed to move the 
liquid propellants from their storage 
tanks to the engines. A type of kerosene 
called RP-1 (Refined Petroleum-1) is a 
commonly used liquid rocket fuel. 
Unlike RP-1, some liquid propellants 
have to be kept very cold. Hydrogen and 
oxygen are common rocket propellants. 
They are normally gases, but they can be 
packed into very small tanks by chang- 
ing them into liquids. Hydrogen 
becomes liquid below a temperature of 
-423°F (-253°C). Oxygen becomes liquid 
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G The manned 
Spacecraft 
SpaceShipOne 
uses a hybrid 
rocket motor. 
It has made 
several sub- 
orbital space- 
flights. 


below -298°F (-183°C). Liquid oxygen 
also is called LOX. Propellants that have 
to be kept super-cold are known as cryo- 
genic propellants. They are not suitable 
for most military rockets and missiles 
because it is difficult to keep them 
sufficiently cold for long periods, and 
military equipment always must be kept 
ready to use. Instead, cryogenic propel- 
lants are used for civilian spaceflight, 
such as the Space Shuttle missions, 
because they are highly efficient, yield- 
ing a lot of power per gallon. 

Some small rockets use propellants 
that ignite as soon as they meet. These 
are called hypergolic propellants. 
Rocket engines that use hypergolic pro- 
pellants can be very simple and reliable, 
because they do not need complicated 
ignition systems. Small rockets called 
thrusters use hypergolic propellants. 
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ROCKET 


Strange materials have been used as plane and winner of the Ansari X-Prize, 
rocket propellants. The Mythbusters tele- burns rubber as its fuel. The rubber is 
vision program, which aims to prove or solid, and the oxidizer, nitrous oxide, is 
disprove myths, built a working rocket liquid. A rocket like this, with a mixture 
fueled by a salami. SpaceShipOne, the of solid and liquid (or gas) propellants, is 
first privately funded manned space called a hybrid rocket. 


A 





WERNHER VON BRAUN (1912-1977) 


Wernher von Braun was the German-born rocket scientist and engineer who created 
the giant Saturn V rockets that landed U.S. astronauts on the Moon. After studying 
engineering, he earned a doctorate in physics at the University of Berlin in Germany. 
He joined the Society for Space Travel, which was led by the rocket scientist Hermann 
Oberth. Von Braun's work in the society was noticed by leaders of the German army, 
who hired him to develop missiles during World War Il. Von Braun's team at 
Peenemünde in northeast Germany developed a series of rockets, including the 
famous V-2. The V-2 could hit targets up to about 185 miles (300 kilometers) away. 

At the end of the war, the United States and Soviet Union captured unused V-2s 
as well as some of the scientists and engineers who had worked on them. In 1945 von 
Braun surrendered to U.S. troops and went to work in the United States. The first 
rockets built in the United States (and the Soviet Union) in the 1950s were based on 
von Braun's V-2. Braun led a team that developed a series of rockets and missiles, 
including the Redstone, Jupiter-C, Juno, and Pershing. When NASA was formed, von 
Braun went to work there and developed the Saturn |, IB, and V rockets. He founded 
the National Space Institute to 
promote public understanding of 
spaceflight. Von Braun also wrote 
several popular books on space- 
flight and gave talks on the sub- 
ject. He received numerous awards 
in recognition of his work. 


© Wernher von Braun was director of 
NASA's Marshall Space Flight Center 
from 1960 to 1970. 
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ROCKET 


Steering and Braking 
There are several ways of steering a 
rocket or rocket-powered spacecraft. 
One way is to use swiveling fins, like an 
airplane’s control surfaces, in the atmos- 
phere. A rocket must be traveling fast 
before its fins begin to work, because 
they only work when air is flowing over 
them very quickly. Other rockets have 
swiveling vanes in the rocket exhaust. 
When the vanes swivel, they deflect 
some of the engine’s exhaust jet. The 
entire jet can be deflected by swiveling 
the engine itself or just the nozzle. Most 
modern rockets have swiveling engines, 
also called gimbaled engines. The Space 
Shuttle’s main engines are gimbaled. 

A rocket or spacecraft also can be 
turned or steered by means of thrusters. 


When the Space Shuttle’s solid rocket 
boosters fall away, thrusters push them 
away from the spacecraft. The Space 
Shuttle uses forty-four thrusters in its 
nose and tail for attitude control when 
flying in space. 

Rockets are used for braking as well 
as steering. Braking rockets also are 
called retro-rockets. When an orbiting 
Spacecraft is ready to land, it fires off 
rockets in the direction in which it is 
traveling. The thrust slows the space- 
craft, and gravity begins to pull it down. 


€) The North American Aviation X-15 rocket 
plane made nearly 200 flights between 1959 
and 1968, reaching a top speed of 6.7 times 


the speed of sound and a maximum altitude 
of 354,200 feet (107,960 meters). 
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ROCKET 


© The C-130 
Hercules aircraft that 
travels with the U.S. 
Navy's Blue Angels 
display team some- 
times uses JATO to get 
airborne. The JATO 
rockets are visible on 
the side of the plane. 


The Soyuz spacecraft uses retro-rock- 
ets for landing. It fires retro-rockets just 
before it touches down on the ground to 
cushion its landing. 


Rocket-Powered Airplanes 
Rocket-powered airplanes are rare, 
because the propellants that power them 
are often poisonous, explosive, or have 
to be kept super-cold. The German com- 
pany Messerschmitt built a rocket-pow- 
ered fighter, the Me163 Komet, in the 
1940s. It could climb amazingly fast, 
but was could only stay airborne for 
about 8 minutes. 

Rocket-powered planes have been 
used for research in high-speed flight. 
On October 14, 1947, the first supersonic 
flight was made in the rocket-powered 
Bell X-1 aircraft with Chuck Yeager at 
the controls. 

Rockets are sometimes used to help 
heavy aircraft take off. This is called 
rocket assisted takeoff (RATO) or jet 
assisted takeoff (JATO). The solid-fuel 





rockets used for this are called JATO 
bottles because they look like big bottles. 


Other Uses 

Small rockets are used for a variety of 
purposes. Fighter pilots sit in rocket- 
powered ejection seats. If a pilot has to 
leave an aircraft in an emergency, rock- 
ets blast the seat clear of the aircraft. 
Rocket flares for signaling an emergency 
at sea use a rocket to launch a bright 
flare, which may then descend slowly by 
parachute. Scientists use small rockets 
called sounding rockets to carry instru- 
ments into the upper atmosphere. 
Lightning researchers also use rockets to 
trigger lightning for study. 


SEE ALSO: 
e Apollo Program ¢ Bell X-1 
e Ejection Seat è Engine @ Fuel 


e Jet and Jet Power è Spaceflight 
e Space Shuttle 
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Satellite 


satellite is an object in space that 
Aeris another body, such as a 
planet. The Moon is a natural 
satellite of Earth. An artificial satellite 


is a small spacecraft sent into orbit 
from Earth. 





©) Sputnik 1 was the first satellite that was 
successfully sent into orbit around Earth. It was 
launched in 1957 and stayed in orbit for about 
three months. 


Artificial satellites are used for com- 
munication, weather forecasting, navi- 
gation, military surveillance, and scien- 
tific research. A satellite remains in orbit 
because of the gravitational pull of the 
larger body around which it travels. Any 
spacecraft orbiting Earth is technically a 
Satellite, although manned spacecraft 
are not usually referred to as satellites. 
The International Space Station is the 
biggest artificial satellite. The Hubble 
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Space Telescope also is a satellite. There 
are about 2,500 satellites orbiting Earth, 
and others have been placed in orbit 
around the Moon, Venus, and Mars. 


The First Satellites 

The idea of “artificial moons” orbiting 
Earth was put forward by a few scien- 
tists and science-fiction writers in the 
early 1900s. In 1945, British science fic- 
tion writer Arthur C. Clarke suggested in 
a magazine article that three satellites 
orbiting Earth could act as relay trans- 
mitters for worldwide communications. 
The visionary Clarke now has a satellite 
orbit named after him. 

By the 1950s, there were rockets 
capable of launching satellites, although 
these were being developed primarily as 
military missiles. The American Rocket 
Society and the National Science 
Foundation both suggested using satel- 
lites for the scientific study of space. 
These groups proposed that, to mark 
International Geophysical Year (1957- 
1958), the United States should launch a 
science satellite. 

The Soviet Union announced that it 
also would launch a satellite, but few 
people in the West took this claim 
seriously. So it was a great surprise 
when, on October 4, 1957, the Russians 
launched the world’s first satellite, 
Sputnik 1. Orbiting Earth every 96 
minutes, Sputnik 1 caused a sensation. 
An even greater surprise followed on 
November 3, 1957, with the launch 
of Sputnik 2, which was bigger still and 
carried a dog named Laika. The United 
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= The first satellite launched by the United 
States was Explorer 1, seen here being installed 
on its launch vehicle in January 1958. 


States launched its first’ satellite, 
Explorer 1, early in 1958. The “space 
race” had begun in earnest. 

The Soviet Union launched hundreds 
of Cosmos satellites and also Molniya 
communications satellites, but seldom 
released much information about them. 
U.S. space launches were more public, 
and satellites were usually designated by 
their function: scientific, weather, com- 
munications, navigation, or Earth obser- 
vation. Only satellites for military use 
were kept secret. 

Since the 1960s, France, China, 
Japan, Britain, India, and Israel have 
launched satellites with their own 
launch vehicles. Other nations have 
hired launches to put satellites into 
space. Once front-page news, satellites 
are now routine, with many commercial 
and multinational launches each year. 


Satellite Basics 

Satellites vary in size from a few pounds 
to many tons. Some remain in orbit for 
only a few weeks, while others have an 
expected lifetime of hundreds of years. 
They are packed with scientific instru- 
ments, usually miniaturized to save 
weight and space. Manufacturing is 
closely monitored and takes place in 
germ-free conditions. All systems are A photo taken from the Space Shuttle 
thoroughly tested—once launched, satel- Challenger shows the spacecraft's cargo bay open 
lites must continue to work under as it releases a satellite into orbit in 1984. This 
remote control for long periods of time. satellite was retrieved by Columbia in 1990. 
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SATELLITE LAUNCHERS 


A satellite can be carried into space in the cargo 
bay of a Space Shuttle, or it may be blasted into 
Space on top of a multistage rocket or launch 
vehicle. An expendable launch vehicle, or ELV, Is 
used only once. An ELV has two or more booster 
Stages; each stage falls away when Its engine 
burn is completed. The final stage sends the pay- 
load (the satellite) into orbit. 

The launch vehicle Pegasus Is itself launched 
from beneath a converted Lockheed L-1011 
aircraft. The launcher can place a satellite 
weighing up to 970 pounds (440 kilograms) into 
near-Earth orbit. Pegasus launched the Solar 
Radiation and Climate Explorer and the Galaxy 
Evolution Explorer satellites in 2003. 

A larger satellite, or a satellite intended for 
high orbit, requires a more powerful launcher, 
such as a ground-launched Athena or Delta 
rocket. Delta rockets have launched many satel- 
lites since the 1960s, Including TIROS, Nimbus, 
ITOS, and Landsat satellites. The big Delta IV can 
launch a payload of 50,800 pounds (23,070 kilo- 
grams) into low-Earth orbit. 





©) A huge Delta IV rocket stands at Cape Canaveral, ready to carry an observation satellite 
Into space in 2005. 


Most satellites are fitted with panels 
of solar cells that convert energy from 
sunlight into electricity. They use solar 
energy to power instruments and the 
communication systems that send data, 
such as video images, back to Earth. 

A satellite is directed by remote con- 
trol from mission centers on the ground, 
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where scientists monitor its orbit, send 
instructions, and receive data from the 
satellite’s instruments. Under command 
from Earth, a satellite can be shifted in 
orbit by firing small thruster rockets. 

A satellite may be in constant com- 
munication with mission control. If it is 
in a low orbit, it may be contacted only 
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when it passes overhead. Each pass may 
last just 10 minutes, but the satellite may 
fly by ten or twelve times a day, depend- 
ing on its orbit. Some satellites are visi- 
ble at night as they pass overhead. 

A satellite that has malfunctioned, or 
has come to the end of its operational 
life, is normally shut down and then 
allowed to burn up as it reenters the 
atmosphere. Some defective satellites, 
however, have been picked up by Space 
Shuttle astronauts for repair. 


Satellite Orbits 

A satellites orbit depends on the task 
for which it is designed. Most satellites are 
launched in the same direction as Earth is 
spinning, and this is called a prograde 
orbit. To launch in the opposite direction, 
like throwing a ball into the wind, 
requires more booster power and fuel. 


GCA polar-orbiting satellite is prepared for 
launch in 2000. The satellite joined the polar- 
orbiting operational environmental satellite 
(POES) program, which provides data about the 
global climate and weather. 


Scientists choose various orbits for 
their satellites, depending on the loca- 
tion of the launch site and the task 
of the satellite. Orbits fall into three 
types: high geostationary orbit, Sun- 
synchronous polar orbit, and low orbit. 

A high geostationary orbit keeps a 
satellite always in the same position 
with respect to Earth. The satellite makes 
one orbit in the same period of time as 
Earth makes one rotation (23 hours, 56 
minutes, 4.09 seconds). To do this, it 
must orbit at a height of about 22,300 
miles (about 35,900 kilometers) above 
Earth’s surface. By orbiting in tandem 
with Earth, the satellite appears station- 
ary, or synchronous (in time), with 
respect to the rotation of the planet. 

A Sun-synchronous polar-orbiting 
satellite travels above the North and 
South poles. It flies at a height of about 
540 miles (about 870 kilometers) and 
passes the Equator and each of Earth’s 
latitudes at the same time each day. 
Being Sun-synchronous means the 
satellite passes overhead at the same 
solar time through the year, so it can 
transmit data (on weather, for example) 
at consistent times. Its data can be com- 
pared year by year. 

Low-orbiting satellites fly at a height 
of 200-300 miles (320-485 kilometers). 
A low orbit requires the least rocket 
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Name 
Sputnik 1 
Sputnik 2 
Explorer 1 
Explorer 6 
Tiros 7 
Transit 1B 
Telstar 
Landsat 
Pegsat 
Mars Global 


Country 

Soviet Union 
Soviet Union 
United States 
United States 
United States 
United States 
United States 
United States 
United States 
United States 


SATELLITE 


Achievement 

First artificial satellite. 

First satellite to carry a passenger (a dog). 
First U.S. satellite. 

First photos from space. 

First weather satellite. 

First navigation satellite. 

First communications satellite. 
Series of Earth-survey satellites. 
First airolane-launched satellite. 
Orbited and mapped Mars. 


Surveyor 
Envisat 


Europe 
Aura United States 


Themis United States 


Series of satellites measuring global warming. 
Satellites studying the ozone layer. 
Five satellites launched simultaneously to 


Study Earth's magnetosphere. 


power and is often chosen for observa- 
tory satellites, such as the Hubble 
Telescope. Hubble orbits Earth at a 
height of about 375 miles (600 kilome- 
ters), making one orbit every 97 minutes. 

Some orbits are circular, while others 
are elliptical (egg-shaped). The length of 
time a satellite takes to make one orbit is 
called its orbital period. 

A satellite’s initial velocity is high 
enough to counter the force of gravity 
and keep it in orbit, but friction (from 
Earth’s atmosphere and from the Sun’s 
energy) gradually slows the satellite’s 
speed. Its orbit begins to decay. 
Eventually, as the satellite descends into 
the thicker layers of the atmosphere, it 
burns up or breaks up. 
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Military Satellites 

Military satellites include spy or 
reconnaissance satellites. These satellites 
are fitted with scanning devices and 
cameras that can detect objects on the 
ground. Some of these objects may be as 
small as a truck hundreds of miles below 
the spacecraft. Spy satellites also can 
detect missiles being fired. The first 
military satellite able to detect missile 
launches was Midas 2, launched by the 
United States in 1960. Early spy satel- 
lites took photographs on film that were 
returned to Earth in small capsules that 
landed by parachute. Modern spy satel- 
lites are equipped with digital imaging 
systems, and they relay their images 
directly from space. 
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A number of countries have military 
satellites. Military navigation satellites 
are used by aircraft, submarines, surface 
ships, and land vehicles. Anti-satellite 
weapons, known as “killer” or “suicide” 
satellites, are designed to track, locate, 
and destroy other satellites or orbital 
weapons systems. 


Navigational Satellites 
Navigational satellites are very useful 
pieces of space equipment. They provide 
the Global Positioning System (GPS) 
network, which enables pilots, sailors, 
drivers, and hikers to fix positions 
almost anywhere on the globe with pin- 
point accuracy. Developed by the U.S. 
Department of Defense as NAVSTAR 
(Navigation Satellite Timing and 
Ranging Global Positioning System), 
the GPS uses at least twenty-four satel- 
lites to make sure that at least four are 
always within the line of sight of a nav- 
igator on the ground or ocean. One 
early navigation satellite, Transit 4A, 
was the first satellite to carry a small 
nuclear power plant. 


Earth Observation and 
Weather Satellites 

Earth observation (environmental) satel- 
lites are used to monitor changes in the 
environment such as melting ice caps, 
deforestation, and desertification. Earth 
observation satellites are normally 
launched into Sun-synchronous polar 
orbits so that they can survey the entire 
globe. They can scan for minerals, water, 
and other resources and record land use 


ASAT MISSILE SYSTEMS 


The United States and the Soviet Union 
tested anti-satellite (ASAT) missile 
systems back in the 1980s. In 1985, a U.S. 
F-15 fighter fired a missile that flew into 
space and destroyed a U.S. solar observa- 
tory satellite orbiting 375 miles (600 
kilometers) from Earth. After this one suc- 
cess, the ASAT project was abandoned, 
partly because of concerns that such mis- 
siles violated the 1967 Outer Space Treaty. 
The treaty requires nations to refrain from 
placing weapons into space—such as 
nuclear warheads, lasers, and other high- 
energy weapons—that could be used to 
destroy satellites or aimed at ground 
targets. In 2007, China claimed to have 
test-fired a missile that destroyed an 
obsolete weather satellite, raising a new 
debate about ASAT usage. As increasing 
numbers of satellites are launched, the 
question of how to regulate ASAT systems 
remains unresolved. 


€) This ASAT missile was successfully released 


to destroy a satellite during a 1985 test. 
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in wilderness and cities. Space cameras 
provide images from which mapmakers 
create accurate maps. They even can 
sive computer users instant images of 
their own location over the Internet. 
Weather satellites have revolution- 
ized meteorology. They provide the daily 
TV weather images, and they alert fore- 
casters to developing global weather 
situations, such as hurricanes. The 
National Oceanic and Atmospheric 
Administration (NOAA) runs a national 
weather service from satellite data pro- 
vided by the National Environmental 
Satellite Data and Information Service. 
Short-range weather forecasting uses 
data from geostationary operational 
environmental satellites (GOES). Long- 
range weather forecasts use data from 
polar-orbiting operational environmen- 
tal satellites (POES). NOAA also operates 
a search-and-rescue _ satellite-aided 


tracking system, known as SARSAT, 
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which can locate a person in trouble at 
almost any location on the planet. 


Communications Satellites 
Telecommunications providers use com- 
munications satellites (comsats), which 
function as relays for telephone, radio, 
and television signals. The first satellite 
able to relay a voice signal was launched 
in 1960; Telstar was the first real com- 
munications satellite, launched in 1962. 
Syncom 3, launched in geostationary 
orbit in 1963, relayed the 1964 Tokyo 
Olympics to U.S. viewers, the first televi- 
sion pictures sent across the Pacific 
Ocean. Intelsat 1, also known as “Early 
Bird,” relayed TV signals across the 
Atlantic in 1965. Satellites launched for 
commercial companies revolutionized 
satellite and cable TV. They made satel- 
lite television possible—today there are 
hundreds of channels, and live coverage 
of events is transmitted all over the 
world. Groups of satellites also provide 
worldwide phone networks. 

Military comsats such as the U.S. 
Milstar system (launched in 1994) pro- 
vide secure communications that cannot 
be blocked. In the 1960s, the Russians 
launched a series of Molniya comsats 
into elliptical, 12-hour orbits, with 
perigees (low points) of no more than a 
few hundred miles and apogees (high 


CG Geostationary operational environmental 
satellites (GOES) provide views of Earth that help 
forecasters accurately predict emergency weather 
conditions. This GOES image shows Hurricane 
Andrew over the Gulf of Mexico in 1992. 
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©) Chandra, named for a leading Indian astro- 


physicist, Subrahmanyan Chandrasekhar, is one 
of the largest satellites ever. It carries eight 
mirrors to focus X-rays from distant objects, a 
high-resolution camera, and a spectrometer to 
measure the amount of energy in the X-rays. 


points) of up to 25,000 miles (40,230 
kilometers). This kind of orbit is now 
called a Molniya orbit. Less rocket power 
is needed to put a Satellite into this orbit 
than into a high geostationary orbit. 


Scientific Satellites 

Science satellites carry out a range of 
tasks to observe objects and phenomena 
in space. They have transformed many 
scientists’ views of the universe. Science 
Satellites’ instruments often measure 
radiation in various forms. IRAS (Infrared 
Astronomical Satellite) was launched in 
1983. In its ten-month lifespan, it discov- 
ered 20,000 galaxies (including a new 
kind called a starburst galaxy), 130,000 
stars, and a comet. In 1999, the Space 
Shuttle Columbia launched an X-ray 
observatory named Chandra. It has an 
unusual elliptical orbit that brings it to 


SPACE JUNK 


Old satellites and leftover pieces of 
satellite launch vehicles end up as trash 
drifting in space. Space junk is heaviest 
at a height of around 530 miles (850 
kilometers), where most satellites orbit. 
After a half-century of space launches, 
neve is nowa lotro space TUMA 


SClenlStsameave recorded at least 11,000 
objects larger than 4 inches (10 cen- 
timeters) in diameter. The junk includes 
used-up rocket stages, tools lost by 
astronauts, and lumps of solidified fuel. 
Space junk is a potential hazard, since a 
lump of fist-size debris, traveling at 
mone. (nan O00 iiilcsmaper hour 
(33,800 kilometers per hour), can make a 
serious hole in an expensive spacecraft. 





within 6,000 miles (9,650 kilometers) of 
Earth and then swings out to 86,000 
miles (about 138,400 kilometers)—about a 
third of the way to the Moon. Each orbit 
takes 64 hours. Being so far out means 
Chandra keeps clear of the belts of 
charged particles that surround Earth and 
SO provides astronomers with longer peri- 
ods of clear observation time. 


SEE ALSO: 
e Gravity © Rocket ¢ Space Probe 


e Space Race 
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Shepard, Alan 


Date of birth: November 18, 1923. 
Place of birth: East Derry, New Hampshire. 
Died: July 21, 1998. 
Major contribution: First American in 
Space. 
Awards: Congressional Space Medal of 
Honor; two NASA Distinguished Service 
Medals; NASA Exceptional Service Medal; 
Navy Distinguished Service Medal; Navy 
Distinguished Flying Cross; several other 
trophies, medals, and honorary degrees. 
A an airplane, in his early teens, he 
became fascinated by flying. He 
often visited the local airport, doing odd 
jobs in the hope of a plane ride. Shepard 
attended the U.S. Naval Academy at 
Annapolis, Maryland. Graduating in 
1944, he served on a destroyer during 
the last year of World War II. After the 


war, Shepard became a navy pilot, and, 
in 1950, he became a test pilot. 


fter Alan Shepard’s first trip in 
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In 1959, the National Aeronautics 
and Space Administration (NASA) began 
recruiting the first American astronauts. 
The agency sent invitations to the top 
110 test pilots. Shepard entered the pro- 
gram and soon after was named as one 
of the seven Project Mercury astronauts. 
After two years of training, Shepard was 
chosen to be the first American in space. 

Weather and technical problems 
delayed Shepard’s flight, but the launch 
finally took place on May 5, 1961. 
Takeoff was smooth, and the flight was 
brief. Shepard never reached orbit—he 
simply went up and, about 15 minutes 
later, splashed down. Splashdown and 
recovery were successful. The launch 
and the recovery were covered live by 
television, and Americans greeted 
Shepard as a hero. 

After the celebrations were over, 
Shepard returned to NASA. In 1964, 
before he could make another space- 
flight, he developed a serious problem in 
his inner ear. Fluid buildup would, from 
time to time, cause him to 
lose his balance and feel 
nauseous. NASA ground- 
ed Shepard, and he took 
on the alternative job of 
chief of astronaut opera- 
tions. After several years, 
he decided to have sur- 
gery to try to correct his 
ear problem. The 1969 


G Alan Shepard is seen here 
being recovered by a helicopter 
after splashdown in May 1961. 
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=> Alan Shepard was photographed on the Moon 
with a transporter used for carrying equipment 
and samples. Shepard and fellow astronaut Edgar 
Mitchell spent more time on the Moon (33 hours) 
than any other Apollo astronauts. 


operation was a success, and soon after, 
Shepard was cleared for spaceflight 
again. 

Shepard was ready to achieve his 
dream of flying to the Moon. He was 
named commander of Apollo 14, teamed 
with Edgar Mitchell and Stuart Roosa. 
On January 31, 1971, Shepard returned 
to space. Five days later, he and Mitchell 
landed on the Moon. They spent more 
than a day on the Moon’s surface, where 
they collected a large sample of moon 
rocks and carried out several experi- 
ments. Having completed their mission, 
the astronauts returned safely to Earth. 

Shepard continued as chief of astro- 
naut operations until he retired from 
NASA three years later. He began work- 
ing in business, where he was successful 
in several ventures. In 1984, Shepard, 
five other Mercury astronauts, and the 
widow of a seventh astronaut formed a 
foundation that gave scholarship money 
to students interested in science and 
engineering. Shepard led the foundation 
until stepping down in 1997. He died the 
following year. 


SEE ALSO: 


e Apollo Program ¢ Astronaut 


e NASA 





GOLF ON THE MOON 


On Apollo 14, Shepard decided to 
indulge his passion for golf. Before 
the flight, he had a NASA worker cut 
the head off a golf club and attach a 
device that could be used to connect 
it to a Moon exploration tool. Before 
launch, Shepard stuffed the club 
head and two golf balls into a sock 
and hid them in his spacesuit. At the 
end of his Moon walk, he surprised 
NASA officials by attaching the club 
head and smacking the two balls. All 
this took place on live television. 
Although the first ball did not go far, 
the second—Shepard announced— 
traveled for “miles and miles.” 
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Shock Wave 


shock wave in air is a sudden, 
An rise in air pressure. Shock 

waves affect the flight of high- 
speed aircraft and spacecraft through 
the atmosphere. 

Everyone who has heard thunder has 
experienced the effect of shock waves. A 
flash of lightning instantly heats the air 
to as much as 60,000°F (33,320°C). 
When air is heated, it expands. When it 
is heated to such a high temperature so 
quickly, air expands explosively and 
forms a shock wave. The shock wave 
rushes away from the lightning faster 
than the speed of sound. Within a few 
feet, it has slowed down and become an 
ordinary sound wave, which we hear as 


€) The Apollo 8 capsule was photographed 
during its reentry in 1969. The shockwave 
formed during reentry helps protect a spacecraft 
from the intense heat of a high-speed descent 
into the atmosphere. 


thunder. Similarly, the sharp crack of a 
whip is produced when the tip of the 
whip goes faster than the speed of sound 
and sets off a shock wave. 


Aircraft 

When an aircraft flies through the air, it 
pushes the air in front of it out of its 
way, which causes disturbances in the 
air. Pressure waves travel away in all 
directions. The fastest they can move is 
the speed of sound. When the aircraft 
goes faster than the speed of sound, the 
pressure waves ahead of it cannot 
escape fast enough. They pile up togeth- 
er in front of the aircraft and produce a 
sudden jump in pressure—a shock wave. 
This shockwave spreads out from the 
aircrafts nose in the same way that a 
wave forms in front of a ship’s bow. 
Another shock wave spreads out from 
the aircraft’s tail as air rushes into the 
hole left behind by the plane, like the 
wake that trails behind a ship. Other 
parts of a plane, such as the wings and 
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cockpit, produce more 
shock waves, but the 
nose and tail shock 
waves are the biggest. 


Spacecraft 

Shock waves also affect 
Spacecraft returning to 
Earth. When a space- 
craft plunges back into 
Earth’s atmosphere from 
Space, it compresses the 
air in front of it, and a 
shock wave is formed. 
When air is compressed, 
it heats up. The shock 
wave created by a 
Spacecraft reentering 
the atmosphere at high 
speed is very hot. The 
Mercury, Gemini, and 
Apollo manned space 
capsules, were designed 
to reenter the atmos- 
phere blunt end first. 
This blunt shape helped to push the 
super-hot shock wave forward, away 
from the capsule. A heat shield protect- 
ed the astronauts and spacecraft from 
the heat that remained. 

Today, the Russian Soyuz capsules 
use this method, and so does the Space 
Shuttle. The Space Shuttle reenters the 
atmosphere with its nose tipped up and 
its large underside facing the direction 
of flight. This deflects most of the heat- 
ed shock wave around the spacecraft. 

As the Space Shuttle descends lower 
in the atmosphere, nose and tail shock 


SHOCK DIAMONDS 


Sometimes, a line of bright spots called shock diamonds 
appears in the jet of hot gas from a Jet engine or rocket. 
When the supersonic jet of gas from an engine or rocket 
Slams into the alr, the gas is squashed, forming a 
diamond-shape shock wave. The shock diamond is hotter 
than the surrounding gas, so unburned fuel from the 
engine is ignited, making the diamond glow. The jet 
expands and then it is squashed again, forming another 
glowing diamond, and another, and another. 





waves form on it. They spread out and 
reach the ground, where people hear two 
sonic booms. All supersonic aircraft 
form two shock waves. Unlike the Space 
Shuttle, however, most of these aircraft 
are so small, and the shock waves they 
create are so close together that only one 
bang is audible. 


SEE ALSO: 


e Air and Atmosphere œ Pressure 


e Supersonic Flight 
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Sikorsky, Igor 


Date of birth: May 2, 1889. 

Place of birth: Kiev, Ukraine. 

Died: October 26, 1972. 

Major contributions: Built the first 
successful single-rotor helicopter; built 
the first multi-engine airplane; built large 
aircraft used in early transoceanic 
passenger flights. 

Award and Honors: Cross of St. Vladimir; 
Sylvanus Albert Reed Award; Presidential 
Certificate of Merit; Daniel Guggenheim 
Medal; Elmer A. Sperry Award; National 
Defense Award; National Medal of 
Science; Wright Brothers Memorial 
Trophy; Hawkes Memorial Trophy; Potts 
Medal; elected to National Aviation Hall 
of Fame; many honorary degrees. 


Ukraine. He gained from his mother 

an interest in the work of artist and 
inventor Leonardo da Vinci, in particu- 
lar his drawings of flying machines. 
At age twelve, Sikorsky made a model 
helicopter powered by rubber bands and 
made it rise into the air. 

Two years later, in 1903, Sikorsky 
became a student at Russia’s Naval 
Academy in the city of St. Petersburg. 
He became more interested in engineer- 
ing and left to pursue his studies. After 
two years of schooling in Kiev, Sikorsky 
dropped out to focus on experimental 
work of his own. That year, 1908, he 
also developed a passion for flight. After 
seeing photographs of the Wright broth- 


9 


ers’ successful flights, Sikorsky later 


E Sikorsky was born in Kiev, 
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O Igor Sikorsky was a pioneer in the field 


of helicopters. 


recalled, “I decided to change my life’s 
work. I would study aviation.” 


Early Experiments 

In the spring of 1909, Sikorsky built his 
first real helicopter. However, the 
machine would not fly. Another version 
failed to fly the following year, and 
Sikorsky decided to abandon the effort. 
As he later explained, “I had learned 
enough to recognize that with the exist- 
ing state of the art, engines, materials, 
and—most of all—the shortage of money 
and lack of experience ... I would not 
be able to produce a successful helicop- 
ter at that time.” 


(c) 2011 M.E. Sharpe, Inc. All Rights Reserved. 


SIKORSKY, IGOR 


Sikorsky turned his attention to 
designing airplanes, producing several 
models and flying them himself. In 1911, 
he earned an international pilot’s 
license, becoming just the sixty-fourth 
person in the world to have one. That 
year, Sikorsky’s S-5 plane set records by 
carrying three people more than 30 
miles (48 kilometers) at 70 miles per 
hour (about 113 kilometers per hour). 
Another of his planes won an award at 
an air show the next year and took first 
prize in a competition held by the 
Russian armed forces. This success 
earned Sikorsky a job with a Russian 
company, where he worked on manufac- 
turing airplanes. 

In 1913, Sikorsky produced a new 
design he called the Grand. This large 
airplane was powered by four engines— 
the first flying machine to have more 
than one. It also was the first to have the 
pilot and passenger areas fully enclosed. 
The Russian army used several dozen 
aircraft of this design as bombers during 
World War I (1914-1918). 

Russian participation in the war 
ended when communists took control of 
the nation’s government and pulled the 
country’s troops out of the conflict. 
Sikorsky left his homeland in 1919 and 
eventually reached the United States. 


Success in the United States 

Sikorsky struggled during his first few 
years in the United States. In 1923, with 
the assistance of several other Russian 
exiles, he formed Sikorsky Aero 
Engineering Company to build airplanes. 
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O Sikorsky (seen here in the cockpit of a U.S. 
Coast Guard HNS-1 Hoverfly) saw the helicopter 
as a useful machine. As early as 1944, when this 
photo was taken, Sikorsky helicopters were used 
for rescue missions. 


Within a few years, Sikorsky was build- 
ing successful aircraft again. His S-29 
carried fourteen passengers. With two 
engines, it could reach a speed of 115 
miles per hour (185 kilometers per hour). 
Sikorsky gave it an all-metal body. 
Sikorsky’s company also produced 
the S-38, a ten-seater that could land on 
water. Pan American Airways bought 
several of these planes as the airline 
began to build its network, providing an 
air service to South America. Sikorsky 
based his company at Stratford, 
Connecticut. He became an U.S. citizen 
when he was naturalized in 1928. 
Sikorsky ran into problems in 1929. 
He had built and sold several expensive 
planes, called “flying yachts,” to wealthy 
businessmen. The planes were not all 
paid for when, in October 1929, the 
stock market in New York City crashed. 
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©) Marine One is the name of the helicopter that 
flies the U.S. president. Traditionally, Marine One 


is a Sikorsky. The 2005 model, shown here carry- 
ing President George W. Bush to the White House, 
was a Sikorsky VH-3D Sea King. 


Most of Sikorsky’s customers lost their 
fortunes when the stocks they owned 
plunged in value. As a result, many of 
the buyers did not make their promised 
payments. Losing money, Sikorsky sold 
out to the United Aircraft Corporation. 
Sikorsky continued to produce planes 
for Sikorsky Aircraft, which has 
remained part of what is now United 
Technologies Corporation (UTC). 

Sikorsky’s next achievement was one 
of his most impressive. In 1931, the 
company launched the S-40, or the 
American Clipper. This large flying boat 
carried four engines. Pan American 
bought the planes and, by the late 
1930s, was using Clippers to provide air 
service across both the Pacific and 
Atlantic oceans. 


Helicopter Pioneer 

United Aircraft discontinued the 
Clippers, but the company funded 
Sikorsky’s effort to achieve his long- 
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A nave nevelggeen in theann a 
machine that was as pleasant to fly 
as the helicopter. It is a dream to feel 
the machine lift you gently up in the 


alr, float smoothly over one spot for 
indefinite periods, move up or down 
under good control, as well as move 
not only forward or backward but In 
any direction." 


Igor Sikorsky 


held dream of building a helicopter. This 
time, that effort succeeded, with the help 
of new, lightweight materials and a staff 
of engineers. 

On September 14, 1939, Sikorsky 
climbed into the first helicopter model, 
the VS-300. He always insisted on tak- 
ing the first flight of any completely 
new design. The helicopter worked— 
it rose vertically, hovered, and returned 
to land. The flying machine had a single 
rotor with three blades driven by a 
75-horsepower engine. Sikorsky’s heli- 
copter was not the first to reach the air, 
but it was the first successful flight of a 
helicopter with a single rotor. Because 
most helicopters follow that design, 
Sikorsky is considered the leading 
pioneer of the helicopter industry. 

The design needed improvement, 
however. Sikorsky tried another version 
with two small rotor blades in the rear. 
On May 13, 1940, that machine rose into 
the air, but was difficult to move for- 
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ward. The next model had just one 
smaller rotor blade in the rear. This ver- 
sion flew smoothly and on May 6, 1941, 
it set a record by staying aloft for more 
than an hour. 


Helicopters Take Off 
The U.S. military signed a contract with 
Sikorsky Aircraft in 1943 to buy helicop- 
ters. The company began producing the 
R-4, the first mass-produced helicopter. 
The machines had little impact during 
World War II, but by the Korean War 
(1950-1953), they were in constant use. 
During the 1950s, Sikorsky opened a 
new plant dedicated to making helicop- 
ters. Along with making the flying 
machines, he helped promote their use. 
A New York company used helicopters 


€) Sikorsky helicopters such as these are still 


produced today. 





to carry passengers between the city’s 
different airports. The aircraft also were 
used to rescue people caught in disasters 
or to bring supplies to places difficult to 
reach in other ways. In 1950, the Collier 
Trophy was awarded to the entire heli- 
copter industry. Sikorsky, who had pio- 
neered the field, had the honor of 
accepting the award. 

Sikorsky retired in 1957. He remained 
active in aviation and was elected to the 
Aviation Hall of Fame in 1968. On 
October 25, 1972, he was still working at 
his desk. He died the next day. 


SEE ALSO: 


e Aircraft Design ¢ Da Vinci, 


Leonardo œ Flying Boat and Seaplane 
e Helicopter ¢ World War I 
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Skydiving 


kydiving is a sport in which a 
parachutist falls through the air, 
performing various maneuvers, 
before opening his or her parachute. 
Free-falling in this way is the closest 
that a human comes to flying like a bird. 
Parachutists in the early 1900s 
opened their parachutes within a second 
or two of jumping. As parachuting 
developed, however, bolder jumpers 
delayed pulling the ripcord. They expe- 
rienced free fall for a few seconds before 
the parachute opened and slowed their 
descent. This was the start of skydiving. 
In the 1930s, parachuting began to 
develop as an international sport. The 
first world championships were held in 
1951, and today there are competitions 
for accuracy, style, and team jumping. 


() Fifteen skydivers hold hands at 9,000 feet 
(2,740 meters) as another prepares to join them, 
having just jumped from a helicopter above. 
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Many people enjoy the thrill of skydiv- 
ing as a recreational sport. 


Flying Like a Bird 
The first parachutists usually fell “like a 
sack being hurled out of a window,” in 
the words of Leo Valentin, a parachute 
jumper. (Valentin wore suits with batlike 
wings in an attempt to imitate bird 
flight. Wing suits often broke in midair, 
and Valentin was killed in an accident in 
1956.) Parachutists soon found, howev- 
er, that by adopting a box position as 
they fell—stomach-down, with arms and 
legs bent slightly backward—they could 
soar like a bird rather than drop like a 
sack until their parachute opened. 
Modern skydivers are taught to fall 
in the box position, although experi- 
enced divers also adopt other positions. 
The spread-eagle body acts like a wing, 
so a Skydiver can fly around, and teams 
can formate (group together). Groups of 
as many as 282 divers have achieved 
formation in free fall. 
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An amazing demonstration of free 
fall maneuvering took place in 1987, in 
the sky above Arizona, when skydiver 
Gregory Robertson saved the life of fel- 
low parachutist Debbie Williams. She 
was knocked unconscious after colliding 
with another jumper, and she fell for 
6,000 feet (1,830 meters). Robertson 
dived alongside her and opened her 
parachute at 3,500 feet (1,070 meters) 
above the ground. Only then did he open 
his own parachute. 


What Skydivers Do 
Skydivers usually jump from an air- 
plane, although they also may leap from 
helicopters and balloons at various 
heights. A typical jump height is 
between 10,000 and 13,000 feet (3,050 
and 3,960 meters). On August 16, 1960, 
Captain Joseph Kittinger of the U.S. Air 
Force stepped out of a balloon over New 
Mexico at a height of 102,200 feet 
(31,150 meters). He experienced a 
record-breaking free fall, skydiving for 
4 minutes and 38 seconds before he 
opened his parachute at 17,500 feet 
(5,330 meters). 

In free fall, a skydiver does not feel 
a falling sensation, even though speed 
through the air may reach 120 miles per 
hour (193 kilometers per hour). 
Skydivers do not experience the discom- 
fort of acceleration. During the descent, 
they may perform such maneuvers as 
turns, front and back loops, barrel rolls, 
and joining up with other skydivers 
in formations. There is a deceleration 
sensation when the parachute opens, 





©) Members of a women's skydiving team 
descend after opening their parafoils. Use of the 
parafoil has increased distance and maneuvering 
ability for skydivers. 


Slowing the descent to about 12 miles 
per hour (19 kilometers per hour). 


The Parachutes 

To end a dive, the skydiver first pulls 
out a pilot parachute. Measuring about 
3 feet (0.9 meters), the pilot parachute 
is stored in a pocket on the harness, or 
rig. As this small parachute inflates in 
the wind, a cord known as the bridle 
operates the release mechanism for the 
main parachute and its lines. A rectan- 
gle of fabric (the slider) separates the 
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THE PARAFOIL 


The invention in the 1960s of the wing 
parachute, or parafoil, revolutionized 
Sports parachuting. The modern para- 
chute, known as a ram air wing, flies 
almost like a paraglider. The canopy 


contains seven to nine panels, or cells, 
open at the front so that air can enter. 
The parachutist can alter the amount of 
alr inside the canopy by twisting a 
handgrip. By tugging on the steering 
lines, the parachutist can make turns 
and steer toward a landing site. 





parachute lines into four groups and 
works its way down until the canopy is 
fully open and the slider is just above 
the skydiver’s head. 

A skydiver carries two full-size para- 
chutes, one of which is kept in reserve. 
The minimum safe height for opening 
a parachute is around 2,000 feet 
(610 meters). This height gives sufficient 
time for the skydiver to open the reserve 
parachute if the main parachute fails 
to function. Many skydivers carry an 
automatic activation device (AAD), 
which opens the reserve parachute at a 
safe altitude if the skydiver fails to open 
the main parachute. Skydivers always 
carry an altimeter so they know at 
what height to open the parachute. If the 
main parachute malfunctions after it 
has been opened, the skydiver uses one 
handle to discard it and pulls another 
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handle (on the parachutist’s chest) to 
open the reserve parachute. 

Rectangular canopies are better 
than traditional round canopies for 
competition jumping as they are much 
easier to steer. A rectangular canopy will 
not collapse should another parachutist 
fly beneath it and take its air. Using 
these modern canopies, skydivers can 
fly in stacks, one above the other. An 
experienced skydiver with a modern 
parachute can fly cross-country for as 
much as 10 miles (16 kilometers), reach- 
ing speeds of up to 30 miles per hour (48 
kilometers per hour) over the ground. He 
or she can perform dramatic maneuvers 
such as the swoop: a fast, downward 
approach before leveling off just above 
the ground. 


Learning to Skydive 

Free-fall parachuting is best taught by 
an experienced instructor. After ground 
instruction, the first jumps are often 
made in tandem (instructor and student 
together). The tandem jump also offers a 
way for elderly or physically disabled 
people to skydive. 

Most people experience fear when 
beginning to skydive. Training helps the 
beginner develop confidence before 
going on to practice advanced tech- 
niques with fellow skydivers. The U.S. 
Air Force Academy, for example, trains 
cadets for more than 33 hours on the 
ground before their first jump. Advanced 
training consists of more than 150 free 
fall jumps, progressing from a large 
(and therefore slow) canopy to a high- 
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performance display parachute with a 
vertical descent speed of 2 to 16 feet per 
second (0.6 to 5 meters per second). Top 
students may go on to jump with the 
Wings of Blue display team. 


Safety and Regulation 
Although accidents do happen, skydiv- 
ing and parachute sports have a good 
safety record. Accidents are most com- 
mon when people jump in poor weather 
conditions, such as unpredictable winds. 
Jumping from buildings, cliffs, or other 
high structures (known as BASE jump- 
ing) is especially dangerous. Because the 
modern parachute can be steered, there 
is little chance of the parachutist landing 
accidentally in a lake or a tree, as was 
often the fate of parachutists in the past. 
Drop zones in the United States and 
Canada are required to have an experi- 
enced person who acts as a Safety offi- 
cer. In most countries, skydivers are 
required to carry a reserve parachute 
that has been packed and inspected by a 
certified parachute rigger. In the United 
States, certification is provided by the 
Federal Aviation Administration (FAA). 
Many countries have national para- 
chuting associations, affiliated to the 
Federation Aeronautique Internationale 
(FAI). In the United States, skydiving 
permits and ratings are issued by the 
United States Parachute Association. 


EXTREME SKYDIVING 


Specialized forms of skydiving and 
parachuting Include: 

e Accuracy landing: Aiming to land on 
or very near a drop zone target. 

e Blade running: Like slalom skiing with 
a parachute. 

e Formation skydiving: Also called 


relative work (RW). 

e Paraskiing: Landing on a snowy 
mountain on skis. 

e Skysurfing: Landing with a surfboard 
strapped to the feet. 

e Stuff jumping: Jumping with 

an object, such as a bicycle, which Is 
ridden through the air before the sky- 
diver lets go and opens the parachute. 








©) A skydiver BASE jumps from one of the 
world's tallest buildings in Shanghai, China. The 


SEE ALSO: 


e Glider e Hang Glider e Parachute 


"BASE" in BASE jumping is an acronym that 





stands for building, antenna, span, and Earth. 
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kyjacking is the illegal seizure of 

an airplane. It is a crime similar to 

hijacking a truck or taking over a 
ship at sea. Skyjackers may demand that 
the plane be flown to a destination of 
their choice or demand a ransom for the 
release of passengers. They may use the 
airplane as a weapon of destruction. 


How Skyjacking Began 

The first recorded skyjacking was in 
1931 in Peru. Rebel soldiers forced two 
American pilots to fly a plane over the 
city of Lima to drop propaganda leaflets. 
The first skyjack in the United States 


OA 1985 skyjacking in Beirut, Lebanon, ended 
when the hijackers released the hostages and 

then blew up the Boeing 727 they had hijacked. 
One of the hijackers is seen here on the runway. 
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DISAPPEARING AIR PIRATE 


Probably the most famous criminal sky- 
Jacking in the United States happened in 
1971. A man known as Dan or D. B. 
Cooper took over a Northwest Orient 
Airlines Boeing 727. After forcing the 
plane to land, he demanded $200,000 as 
ransom for the release of the passen- 


gers. When he had received the money 
and four parachutes (one each for him- 
self and the three remaining crew mem- 
bers), Cooper ordered the airplane to 
take off again. He parachuted from the 
rear of the Boeing 727 over the Cascade 
Mountains of the northwestern United 
States and was never seen again. There 
have been many suspects, but no certain 
culprit has ever been found. 
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took place in 1961, when a 
passenger on a commercial 
flight from Miami to Key 
West, Florida, ordered the 
pilot to divert the aircraft 
to Communist-ruled Cuba. 
With lax security at airports 
in the 1960s, it was relative- 
ly easy for a terrorist to 
smuggle a gun onto an air- 
liner to threaten the pilots 
and passengers. Skyjackers 
often had political motives. 
Taking over an airliner 
ensured publicity for their cause. Less 
often, a skyjacker was a criminal who 
hoped to extort money by air piracy. 

In the 1970s, when tension between 
Israel and its Arab neighbors was high, 
terrorists based in the Middle East made 
several attacks on airliners. Their usual 
practice was to seize an airliner in flight, 
force the pilot to land, and then broad- 
cast their demands by radio. Skyjackers 
held passengers inside the airplane as 
hostages, hoping to bargain for the 
release from jail of fellow terrorists or 
other prisoners. 

In September 1970, a spectacular 
skyjacking took place in the Middle East, 
when Palestinian terrorists seized three 
airliners simultaneously. All three air- 
craft were landed in the Jordan desert at 
Dawson’s Field (a former British air 
force base) and then blown up after most 
of the hostages had been released. An 
attack on a fourth airplane was foiled by 
Israeli security guards. A fifth airplane 
was hijacked three days later. 





© U.S. military personnel train constantly to 


prepare for skyjackings and other terrorist acts. 
This photograph was taken during a U.S. Air 
Force skyjacking exercise. 


Tightening Security 
Such attacks highlighted a new threat to 
air travel and the need for tighter securi- 
ty at airports. The Hague Convention of 
1970, an international agreement signed 
by more than 130 nations, was drawn up 
to combat skyjacking and stop terrorists 
from escaping to “friendly” countries. 
From 1973, the Federal Aviation 
Administration in the United States has 
required all airlines to screen passengers 
and their baggage to prevent people 
from carrying weapons—or objects that 
might be used as weapons—onto flights. 
Airports tightened security procedures, 
especially at check-in and during bag- 
gage handling. Armed guards, called sky 
marshals, traveled on some flights. 
When an airplane is hijacked, mili- 
tary craft may escort it to a landing field 
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agreed to by the authorities. After it has 
landed, troops and police will surround 
the hijacked aircraft while skilled nego- 
tiators try to talk the skyjackers into 
releasing the hostages and surrendering. 
Armed assault also may be used. In 
1976, following the hijacking of an Air 
France flight, Israeli commandos flew in 
to attack the Palestinian hijackers, who 
were holed up at Entebbe Airport in 
Uganda, Africa. The commandos rescued 
more than 100 hostages. In most hijack- 
ing situations, however, airport and law 
enforcement agencies usually try to 
avoid a gun battle, which risks injuring 
or even killing innocent hostages. 
Skyjacking incidents decreased in the 
United States during the 1980s and 
1990s, but violent terrorist incidents 
continued to take place in other parts of 
the world. Some of these skyjackings 
resulted in airplanes crashing. In 1996, a 
stolen Ethiopian airliner crashed into the 
Indian Ocean. About fifty passengers 
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managed to survive, but the crash killed 
125 of the people onboard. 


September 11, 2001 

The worst skyjacking in history hap- 
pened in the United States in 2001. On 
the morning of September 11, nineteen 
terrorists hijacked four U.S. airliners: 
American Airlines Flights 11 and 77 and 
United Airlines Flights 93 and 175. 
Flights 11 and 175 had taken off from 
Boston, Massachusetts; Flight 77 left 
from Dulles Airport in Washington, D.C; 
and Flight 93 departed from Newark, 
New Jersey. The first three airplanes were 
on early-morning flights to Los Angeles, 
California; the fourth was heading for 
San Francisco, California. 

Two of the hijacked planes (Flight 11 
and Flight 175) were deliberately flown 
into the twin towers of the World Trade 
Center in New York City. Flight 11 hit the 
North Tower just before 8:45 a.m. Flight 
175 hit the South Tower at 9:03 A.M. 
Both 110-story structures became fiery 
infernos, pouring black smoke into a 
blue sky, before collapsing to the 
ground. At 9:40 A.M., Flight 77 was 
flown into the side of the Pentagon in 
Washington, D.C. 

On Flight 93, the hijackers—who had 
smuggled knives onboard—had locked 
themselves in the cockpit and headed 
the plane toward Washington, D.C. 
Flight 93’s passengers learned from cell 


G Terrorists flew an airplane into the Pentagon 
building in Washington, D.C., as part of their 
skyjacking operation on September 11, 2001. 
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phone calls to friends and relatives what 
had happened to the other three planes. 
They decided to attack the hijackers. The 
plane went out of control and crashed 
near Shanksville, Pennsylvania. 

Every person onboard the four 
hijacked airplanes, including the hijack- 
ers, was killed. Furthermore, many more 
people were killed on the ground in New 
York City and Washington, D.C. The 
total death count was 2,752 at the World 
Trade Center, 189 at the Pentagon, and 
44 in Pennsylvania. 


After 9/11 
Responsibility for the attacks was lev- 
eled at al-Qaeda, a secretive Islamist ter- 
rorist organization led by Osama bin 
Laden. U.S. President George W. Bush 
announced a “war on terror,” and U.S. 
warplanes were ordered to shoot down 
any hijacked airliner that might pose a 
danger. No-fly zones were enforced. 
Some of the 9/11 terrorists had been 
living in the United States and had even 
taken flying lessons there. The 9/11 
attacks led to a review of the nation’s 
security. Stricter antihijacking regula- 
tions were introduced to prevent explo- 
sives or weapons from being taken onto 
airplanes. Air marshals disguised as pas- 
sengers traveled on flights, ready to dis- 
arm potential skyjackers. Within a few 
weeks, President Bush had signed a new 
law, the Anti-Terrorism Act, giving the 
U.S. government increased powers. 
Other suicide attacks were foiled. 
Later in 2001, for example, law enforce- 
ment agents seized al-Qaeda terrorist 





©) In New York City, two blue beams of light 
shine into the night sky in the place where the 


twin towers of the World Trade Center once stood. 


Richard Reid (a British citizen), who had 
been planning to blow up a U.S. airliner 
with a bomb hidden in his shoe. 

Today, passenger and baggage 
screening systems are provided by the 
Transportation Security Administration 
(TSA), part of the Department of 
Homeland Security. Under new secure 
flight arrangements, airlines and securi- 
ty services exchange information to 
identify all persons buying airline tick- 
ets, checking identities against those of 
known terrorists. Counterterrorist intelli- 
gence in the United States is spearhead- 
ed by the National Counterterrorism 
Center, which took over the State 
Department’s responsibility in that area. 


SEE ALSO: 


e Airport œ Pilot 
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ound is a form of energy that 
Sie through the air as a series 

of pressure waves. The waves’ 
effect on the ear produces the sensation 
of hearing. 

Anything that vibrates produces 
sound waves that spread out through the 
air. When something vibrates, it pushes 
against the air next to it and squashes 
the air. This pressure creates a pulse 


MEASURING SOUND 


The frequency of a sound is meas- 
ured in hertz (abbreviated as Hz). 


One hertz is equal to one compres- 
sion per second. The human ear can 
hear sounds ranging in frequency 
trom about 20 hertz to 20,000 hertz. 
Sounds below 20 hertz are called 
intrasound, and sounds above 20,000 


hertz are called ultrasound. 

Sound intensity Is measured in 
units called decibels (abbreviated as 
dB). The quietest sound that can be 
heard has an intensity of O decibels. 
A sound ten times more intense Is 10 
decibels. A sound 100 times more 
intense is 20 decibels. A sound 1,000 
times more intense Is 30 decibels. A 
whisper is about 20 decibels, while a 
jet engine 100 feet (30 meters) away 
is about 150 decibels. 
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that travels away through the air. 
After pushing against the air, the object 
pulls back again before the next push. 
When it pulls back, it creates a region 
of low pressure in the air. These high- 
pressure pulses are called compressions, 
and the low-pressure regions between 
them are known as rarefactions. The 
sound waves they create are called 
longitudinal waves. 

The distance between one compression 
and the next is a sound wavelength. 
The number of compressions that pass 
any point in a second is the sound’s 
frequency. A high-pitched whistling 
sound has a high frequency, or a lot of 
pulses per second. A deep rumbling 
sound has a low frequency. Frequency 
and wavelength are linked. As frequency 
increases, wavelengths get smaller. 

Sound needs something to travel 
through. It can travel through liquids 
and solid materials as well as air and 
other gases, but it cannot travel through 
space without air. The speed of sound in 
air depends on how fast vibrations 
spread from molecule to molecule, and 
this depends on the temperature of the 
air. Sound travels faster in warm air than 
in cold air. On an average day, with an 
air temperature of about 59°F (15°C), the 
speed of sound in air is about 760 miles 
per hour (1,220 kilometers per hour). 

Vibrations produce sound, but sound 
itself also can make things vibrate. We 
hear because sound waves enter our ears 
and make our eardrums vibrate. Every 
machine, and every part of a machine, 
has a resonant frequency at which it 
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vibrates very strongly. Engineers try to 
ensure that aircraft and their engines do 
not vibrate at their resonant frequency. 
This is because strong vibrations can 
cause damage, shake things loose, and 
make an aircraft very noisy. 

Vibrating rotors and propellers can 
cause a lot of noise inside helicopters 
and propeller planes. The noise makes 
it difficult for pilots to hear messages 
in their radio headsets. To counteract 
this, pilots can wear headsets that 
remove unwanted sound by making 
more sound. The system listens to the 
background noise and instantly makes a 
copy of it with the compressions and 
rarefactions reversed. The compressions 
of one sound fill up the rarefactions of 
the other sound, and thus the two 
sounds cancel each other out. 


SEE ALSO: 


e Air and Atmosphere ¢ Communi- 


cation e Energy ¢ Pressure 
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©) This diagram shows how sound waves enter a 
human ear and reverberate inside the eardrum so 
we can hear sounds. 





©) The Space Shuttle has to be protected from 
the roar of its own engines when it is launched. 


to prevent damage to the spacecraft. Just before 
the engines fire, 300,000 gallons (1,135,500 
liters) of water start pouring onto the launch 

pad, as shown in this photo taken during a system 
test. The water absorbs the sound and stops it 
from bouncing back to the spacecraft. 
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Spaceflight 


paceflight means traveling in 
Se Manned spacecraft of dif- 

ferent kinds, from the space cap- 
sules of the 1960s and 1970s to the 
Space Shuttle, have carried people on 
spaceflights. Spacecraft called satellites 
are in flight as they orbit Earth. Space 
probes have visited planets such as 
Mars, Venus, and Jupiter, and they have 
even flown beyond the solar system. 


WHERE DOES SPACE START? 


Wak are several definitions for 
where space begins. Ihe atmosphere, 
a blanket of air around Earth, gradu- 
ally thins as altitude (distance from 
Earth's surface) increases. Earth's 
atmosphere fades away almost 
completely at the top of the thermo- 
sphere, which is about 400 miles 
(640 kilometers) from Earth's surface. 
In terms of spaceflight, however, 
people define space as beginning 
much closer to home, either 50 miles 
(80 kilometers) or 62 miles (100 kilo- 
meters) above Earth's surface. Space 
SCIENESIS ame, ENGIneerS=™ejer 10 
“entry Interface’ as being just over 
75 miles (120 kilometers) above 
Earth's surface. This is the point at 
which the air becomes thick enough 
to begin heating up a spacecraft as 
it returns from space. 





496 





©) The invention of powerful rockets, along with 


other significant developments in technology, 
has enabled human beings to launch themselves 
into space. 


Launch and Reentry 

Spaceflight became possible with the 
development of rockets that had suffi- 
cient power to break free of Earth’s 
gravity. To break free, a rocket must 
reach escape velocity, which is just over 
25,000 miles per hour (40,200 kilome- 
ters per hour). Takeoff and reentry are 
the two most dangerous times in a 
spaceflight. Before the 1950s, some sci- 
entists argued that the human body 
could not survive the stresses of a space 
launch. The earliest flights by astro- 
nauts proved such views’ wrong. 
Astronauts have flown faster than any 
humans have before and have returned 
back to Earth unharmed. 

Conventional rocket motors work 
both in air (for takeoff) and in space. 
Most rockets used to launch spacecraft 
are multistage vehicles propelled by 
chemical fuel burned in liquid or solid 
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form. The propellants must include oxy- 
gen, or the fuel will not burn, because 
there is no air in space. 

Booster rockets provide extra thrust 
during takeoff. In a multistage rocket, 
boosters and lower stages separate and 
fall away as soon as their fuel is burned 
up. Only the topmost stage reaches 
space. The load a rocket lifts into space 
is called its payload—this could be a 
satellite, a manned spacecraft, or a robot 
Space probe. 

A rocket is streamlined for efficient, 
controlled, high-speed flight through the 
air. A spacecraft designed to return to 
Earth, like the Space Shuttle, also is 
streamlined, but it has wings. The wings 
help the Space Shuttle land like a con- 
ventional airplane after it has reentered 
Earth’s atmosphere. 

Returning to Earth from space is 
potentially as dangerous as leaving it. A 
spacecraft must decelerate (slow down), 
using braking rockets, and approach at a 
precise angle so it does not hit the 
Earth’s atmosphere too fast. Reentry is 
accompanied by a rapid rise in tempera- 
ture. Air gets trapped in front of the 
spacecraft, which is moving so fast the 
air cannot escape. Compression (squeez- 
ing) of the air raises the temperature to 
more than 10,000°F (5,540°C). Spacecraft 
would burn up unless protected by a 
heat shield of tough, insulating material. 


Traveling in Space 

After being launched, a spacecraft leav- 
ing Earth for the Moon or Mars does not 
need to keep burning fuel. Spacecraft 


can make use of other methods of 
propulsion, such as solar sails or ion 
engines. Once on course and free of 
Earth’s gravity pull, the engines can be 
switched off to save fuel as the space- 
craft coasts through space. This is how 
the Apollo astronauts traveled to the 
Moon, a trip that took two-and-a-half 
days. They fired their engines only to 
Slow down the spacecraft and during 
their return to Earth. 





©) The Apollo 10 crew sped home at 24,790 miles 
per hour (39,890 kilometers per hour) on their 
return from the Moon in 1969. The astronauts’ 


capsule splashed down safely in the Pacific Ocean. 
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© Helios A and Helios B were space probes sent 
in the 1970s to orbit the Sun. They reached the 
highest speed of any spacecraft. A 1974 photo- 
graph shows Helios A on top of a launch vehicle. 


Although there is no air in space, 
space is not empty. It contains dust, 
chunks of minerals, space junk, and 
streams of radiation flowing out at great 
speed from the Sun and from other stars. 
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Stretching into space around Earth is a 
magnetic field. This magnetism attracts 
electrically charged particles that form 
belts, or zones, of radiation. Named the 
Van Allen radiation belts, these radia- 
tion zones were unknown until the first 
U.S. satellite, Explorer 1, encountered 
them in 1958. The Van Allen belts were 
the first important scientific discovery 
made by a spacecraft. 

The fastest spacecraft sent from Earth 
so far have been the solar probes Helios 
A (1974) and Helios B (1976). Helios B 
traveled about 150,000 miles per hour 
(241,350 kilometers per hour) as it 
orbited the Sun. Although spacecraft are 
the fastest vehicles ever flown by 
humans, they are snail-like in space 
terms, where the distances are unimag- 
inably immense. The nearest star is 4.2 
light years from Earth. So even if a 
future spacecraft could reach light speed 
of 186,000 miles per second (299,280 
kilometers per second), it would take 4.2 
years to get there. 

To fly astronauts to Mars and back 
using existing spacecraft would take 
eighteen months. Keeping astronauts 
alive, healthy, and able to work during 
such a long mission poses great chal- 
lenges to space science. Humans are 
not designed for an airless, weightless 
environment. A manned spacecraft must 
provide everything needed for human 
life support—air, water, food, fuel, 
energy, waste disposal, and exercise. 
Long periods of spaceflight weaken the 
body’s muscles. So great are the chal- 
lenges that some scientists believe that 
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robot probes are safer, more 
cost effective, and better suited 
for exploring the planets. 


Pioneers of Spaceflight 

Spaceflight began in the mid- 
dle of the twentieth century, 
but scientists and writers had 
imagined the possibility long 
before. In the seventeenth cen- 
tury, physicist Sir Isaac Newton 
set out laws of motion that 
determine the way in which 
objects move through space. 
Fantasies about space travel 
came from science-fiction writ- 
ers such as Jules Verne. In his 
1865 book From the Earth 
to the Moon, Verne wrote of 
people flying to the Moon in 
a capsule fired from a huge 
cannon. In 1898, H. G. Wells 
imagined Martian spacecraft 
invading Earth in The War 
of the Worlds. At this time, 
people could only study the 
Moon and Mars by peering 
through optical telescopes, and 
there were many fanciful 
notions about alien life-forms 
on distant worlds. 

Russian teacher Konstantin 
Tsiolkovsky (1857-1935) fig- 
ured out the mathematical 
principles of spaceflight by 
rockets. In 1923, Hermann 
Oberth (1894-1989) wrote The 
Rocket into Planetary Space, a 
book that predicted spaceflight. 


SPACEFLIGHT 


JAMES A. VAN ALLEN (1914-2006) 


James Van Allen was born in Mount Pleasant, lowa, 
and studied physics at the University of lowa. 
During World War Il, he designed parts for anti- 
aircraft guns and then served with the U.S. Navy in 
the Pacific. In 1951, Van Allen became head of the 
Physics Department at the University of lowa, where 
he taught for more than thirty years. A renowned 
astrophysicist, he was one of the first American sci- 
entists to propose launching satellites. Using equip- 
ment installed by Van Allen, the first U.S. satellite 
Explorer 1 (January 1958) detected two belts of elec- 
trically charged particles orbiting Earth. They were 
named after Van Allen, who later discovered similar 
radiation belts around the planet Saturn. Professor 
Van Allen received many awards for his work, 
including the Gold Medal of the U.K. Royal 
Astronomical Society; the National Medal of 
Science, 1987; the Vannevar Bush Award, 1991: and 
the National Air and Space Museum Trophy, 2006. 


©) James Van Allen (center) stands with William H. 

Pickering (left), former director of the Jet Propulsion 
Laboratory, and Dr. Wernher von Braun, leader of the 
team that built the rocket that launched Explorer 1. 

The three men display a model of the satellite after 

its successful launch in 1958. 
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O Voyager 1 took photographs of Jupiter and 


its four planet-size moons, and the images 
were assembled to form this composite photo. 
Unmanned spaceflights into deep space are 
expanding human knowledge of the universe. 


Johannes Winkler Oberth (1897-1947), 
along with other German enthusiasts, 
formed the Society for Space Travel. One 
of its members was Wernher von Braun 
(1912-1977), who helped design the V-2 
rocket of World War II and later 
worked on the U.S. space program. In 
1926, American Robert H. Goddard 
(1882-1945) launched the world’s first 
liquid-fuel rocket. 

The American Interplanetary Society 
was founded in 1930 by G. Edward 
Pendray, David Lasser, Laurence 
Manning, and others. In 1934, it became 
known as the American Rocket Society. 
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In 1963, it became part of the American 
Institute of Aeronautics and Astronautics. 
The American Rocket Society and the 
British Interplanetary Society both 
helped stimulate public interest in space- 
flight and encouraged test flights of 
rockets at a time when governments had 
little interest in spaceflight. 


The Space Age 

In 1947, a WAC-Corporal rocket reached 
a height of 244 miles (390 kilometers) 
above the White Sands testing ground in 
New Mexico. This flight opened the door 
to space—and encouraged government 
interest—because it showed that rocket 
technology could now launch satellites. 
Ten years later, the Russians launched 
Sputnik 1, the first artificial satellite. So 
began the space race between the United 
States and the Soviet Union. Key figures 
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in the two rival space programs were 
Robert Gilruth (1913-2000), appointed 
to direct the U.S. Mercury astronaut pro- 
Sram in 1958, and Sergei Korolyov 
(1906-1966), who led the Soviet design 
team behind the Sputnik program. 

Spaceflight was front-page news 
through the 1960s as the United States 
and the Soviet Union competed to send 
astronauts into orbit and probes to the 
planets. Public interest in space reached 
a peak during the Apollo Moon landings 
(1969-1972). 

Since the 1970s, spaceflight has 
developed as a multinational scientific 
activity and a commercial business. 


LIFE BEYOND EARTH 


The Planetary Society was founded in 
1980 by Carl Sagan, Bruce Murray, 
and Louls Friedman. Its aim is to 


“Inspire and involve the world's public 
in space exploration’ and to search 
fom extraterrestrial lifemmite beyond 
Earth). A worldwide program known 


as SETI (Searching for Extra-Terrestrial 
Intelligence) aims to collect evidence 
of life on other worlds through 
detecting radio signals and other 
forms of transmissions. Currently, 
Earth is the only planet known to 
Support life, although scientists spec- 
ulate that life could exist on Earth- 
type planets orbiting other stars. 





Most satellite launches, for example, 
are intended for communications and 
entertainment, such as TV broadcasting. 
Spaceflight has become almost routine, 
although tragedies—such as the losses of 
two U.S. Space Shuttles, Challenger in 
1986 and Columbia in 2003—reminded 
people just how dangerous space can 
be. Robot space probes have made 
astonishing voyages, not only to planets 
but far beyond our solar system. In 
1990, NASA’s Voyager 1 probe took a 
photograph of Earth from a distance of 
4 billion miles (6.5 billion kilometers) 
more than twelve years after it set out 
on a voyage through space that may 
well last hundreds of years. 

Since the end of the Apollo program 
in the early 1970s, the most significant 
manned spacecraft has been the U.S. 
Space Shuttle. First launched in 1981, 
the Space Shuttle flies regularly into 
orbit, delivering supplies to the 
International Space Station. 

The future of spaceflight will proba- 
bly see a return of astronauts to the 
Moon and possibly a manned explo- 
ration trip to Mars. A lunar base might 
be in existence before the middle of the 
twenty-first century, and the discovery 
of water on Mars could even make a 
Martian colony a possibility. 


SEE ALSO: 


e Apollo Program ¢ Astronaut 


e Future of Spaceflight è Rocket 
e Satellite e Space Probe 
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Space probe is a robot spacecraft 
A= far into space. To probe 

means to investigate, and that is 
what space probes do. Scientists have 
sent space probes to the Moon, to the 
planets, and beyond the solar system 
into deep space. A probe equipped with 
sensors, cameras, computers, and a 
radio transmitter can—within a few 
hours—discover more about a distant 
planet than has been gathered in cen- 
turies of Earth-based astronomy. 

A robot space probe needs no air, 
water, or fuel during its journey through 
space. Its power comes from tiny 
nuclear plants or from solar cells that 
convert sunlight to electrical energy. 
Once set on its course, a probe can con- 
tinue to travel through space for years, 
sending images and data back to Earth. 

Flyby probes pass close to their tar- 
get—a planet, a comet, or an asteroid. 
Orbital probes go into orbit around a 
planet or the Sun. Landers descend 
through the atmosphere to the surface. 


Leaving Earth 

Most probes are launched by a multi- 
stage rocket from the ground. There are 
three ways to send spacecraft into space 
using a rocket: sounding trajectory, 
Earth orbit, and Earth escape. 

Sounding rockets were often fired 
into space during the 1940s and 1950s 
and are still used today. A sounding 
rocket can be fired to an altitude of 
about 100 miles (160 kilometers), at a 
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HIGH-SPEED LAUNCH 


The fastest space launches have all 
involved space probes. In 1972 NASA's 
Pioneer 10 was launched toward Jupiter 
at 32,400 miles per hour (52,130 kilo- 
meters per hour). In 1990, the probe 
Ulysses, on a mission to study the Sun, 
reached 34,450 miles per hour (55,430 
kilometers per hour) during launch. New 
Horizons, launched tn 2006 toward Pluto, 
was boosted to 35,800 miles per hour 
(57,600 kilometers per hour), as it left 
Earth's orbit for deep space. 
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©) Pioneer 10, launched in 1972, was the first 
spacecraft to fly through the asteroid belt 
that lies between Mars and Jupiter, into the 
outer regions of the solar system. 
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> A NASA sounding rocket is fired in 1988. 
Sounding rockets only reach the fringes of 
Space, but they offer an inexpensive way 

of gathering data. 


maximum speed of about 5,000 miles 
per hour (8,050 kilometers per hour). 
After its engine burns out, the rocket 
begins its descent back to Earth. 
Scientific instruments in the nose of the 
sounding rocket send information to the 
ground by telemetry (radio) or may be 
retrieved by parachute. 

To enter Earth orbit, a rocket trajec- 
tory must be at an angle so that it 
flies parallel to Earth’s surface. When 
its booster motors cut out, the top- 
most stage of the rocket must be going 
fast enough to enter orbit and not fall 
back to the ground under the pull of 
Earth’s gravity. 

To escape completely from Earth’s 
gravity and become a planetary probe, a 
Spacecraft must reach a velocity of 
around 25,000 miles per hour (40,200 
kilometers per hour). It will then fly 
away from Earth, gradually slowing 
down. It may go into orbit around the 
Sun, or it may be attracted by the 
gravitational pull of a planet, such as 
Mars or Jupiter. 


Staying on Course 

The calculations involved in space navi- 
gation are complex. The launch base 
(Earth), the space probe, and the probe’s 
target (a moon of one of the giant plan- 
ets, perhaps) are all moving through 
space. Ground controllers must calculate 





launch speed and course precisely. If 
necessary, they make midcourse correc- 
tions by using computers to fire small 
rocket motors onboard the spacecraft. In 
this way, scientists can send a probe on 
voyages that will last for years. 

When deciding on a launch date for 
a planetary probe, scientists choose 
a favorable “window,” usually when the 
target planet is at its closest. Moving 
between planets in space seldom 
involves traveling in a straight line. 
Keeping a space probe on the right 
course requires smart computing and 


503 


(c) 2011 M.E. Sharpe, Inc. All Rights Reserved. 


SPACE PROBE 





OVA conceptual illustration by NASA shows how 
samples could be launched from the surface of 


Mars in a capsule that would bring them back to 
Earth as part of future missions to Mars. 


accurate gyroscopes on the spacecraft. 
The gyroscopes are used for inertial 
Suidance to keep the space probe on 
course without reference to the Sun or 
stars. Instruments measure the slightest 
change in the spacecraft’s acceleration so 
that computers can calculate any adjust- 
ment to the course. When planning a 
multiplanet mission, scientists may be 
able to send the probe on a “slingshot” 
trajectory. This takes the probe around 
one planet and then uses the planet’s 
gravitational pull to accelerate it off to 
the next target. Pioneer 11 did this in 
1975, swinging around Jupiter onto a 
path that took it to Saturn. 
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Landing 

When it reaches its destination, a probe 
may stay in orbit, radioing data and 
images back to Earth, or it may attempt 
to land a capsule on the surface. 
Landing on a planet many millions of 
miles away, under remote control, is 
always a challenge. The speeds of 
approach can be enormous. In 2003, the 
Galileo probe accelerated to 108,000 
miles per hour (173,780 kilometers per 
hour) as it dived toward Jupiter. 

Once on the target planet, a lander 
can use remote-controlled arms and 
scoops to collect samples of rock and 
soil. Its instruments analyze the samples 
and the gases in the atmosphere and 
measure temperature, pressure, and radi- 
ation levels. A few probes have released 
a small rover to explore the areas farther 
from the lander. 

Some probes are sent to collect mate- 
rial and return it to Earth at the end of 
their mission. A reentry capsule drops 
down through Earth’s atmosphere, by 
parachute, for recovery on the ground or 
in the air using the “air snatch” tech- 
nique, by which an airplane scoops up 
the capsule before it hits the ground. 


To the Moon 

When the space age began in the 
1950s, scientists were eager to expand 
their knowledge of the worlds beyond 
Earth, previously seen only through tele- 
scopes. After the launch of the first 
satellites by the United States and 
Soviet Union in 1957 and 1958, the 
world waited expectantly for the first 
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rocket shot at the Moon. This came in 
January 1959, when the Soviet probe 
Luna 1 flew within 3,700 miles (5,920 
kilometers) of the Moon. Two months 
later, the United States sent its probe 
Pioneer 4 to fly by the Moon. In 
September 1959, the Soviet Luna 2 
probe crashed onto the Moon. Luna 3 
flew around the Moon in October 1959 
and took photographs of the far side, 
never before seen from Earth. 


The First Planets 
Venus was the first planet to be reached 
by a space probe. In 1962, the U.S. probe 
Mariner 2 flew within 22,000 miles 
(35,400 kilometers) of Venus, but the 
Russians made the first remote-con- 
trolled landing in 1970, with their probe 
Venera 7. The U.S. Magellan spacecraft 
arrived at Venus in 1990. During a 
four-year stay, it sent 
back radar images of 
almost the entire 
planet surface. 

In the 1960s and 
1970s, U.S. Mariner 
probes investigated 


=> The identical Space 
probes Voyager 7 and 2 
continue to travel 
decades after they were 
launched. It is hoped 
that they will continue 
their journey farther into 
space. Voyager 7 has 
already reached the outer 
edge of the solar system. 


the planet Mars as well as Venus and 
Mercury. Mariner 9, launched in 1971, 
went into orbit around Mars and sent 
back the first close-up pictures of the 
planet. In 1976, the United States land- 
ed Viking I and 2 on Mars. 

In November 1996, Mars Global 
Surveyor became the sixteenth space 
probe to fly by, orbit, or land on Mars. 
The following year, 1997, the Pathfinder 
lander made a touchdown on Mars and 
released a robot rover named Sojourner. 
The little solar-powered rover had a spec- 
trometer to analyze the chemical compo- 
sition of the Martian soil and a camera to 
send back pictures of the surface. 


The Voyager Probes 


and Galileo 
Much of what scientists now know 


about the four “gas giant” planets— 
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Jupiter, Saturn, Uranus, and Neptune— 
came from NASA’s two Voyager probes, 
launched in 1977. Voyager 1 flew past 
Jupiter and Saturn before leaving the 


DISTANT VOYAGERS 


Voyager 1 and Voyager 2 each carry a 
gold disk showing the location of Earth 
within the Milky Way galaxy. The golden 
record also contain sounds and images 
chosen to portray the diversity of life on 
Earth. It is meant to communicate with 
any intelligent life-form that might col- 
lect one of the Voyagers. The Voyager 
Spacecraft will take about 40,000 years 
to approach another star, however, and 
the probes are minute compared to the 
vastness of interstellar space. The 


chances of any alien life-form finding 


one of the probes is therefore remote. 
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solar system. Voyager 2 journeyed on to 
visit Uranus in 1986 and Neptune in 
1989. Jupiter has some of the wildest 
weather in the solar system, with winds 
up to 300 miles per hour (480 kilometers 
per hour). Jupiter also spins faster than 
any other planet. As a result, its day is 
less than 10 hours long. 

In 1995 the Galileo probe orbited 
Jupiter and sent a small, cone-shaped 
lander plunging down into the atmos- 
phere through clouds of ammonia ice 
crystals. The probe survived for an hour, 
sampling the hostile atmosphere, until it 
was destroyed. 


The Cassini-Huygens Mission 
The Cassini spacecraft launched to 
Saturn in 1997 reached the planet in 
2004. In January 2005, the spacecraft 
released the Huygens probe to explore 
Saturn’s moon, Titan. Parachutes slowed 
Huygens’s final descent, and its cameras 
began taking pictures of Titan’s surface 
from a height of 10 miles (16 kilome- 
ters). Finally, the probe landed on what 
looked like a shoreline—perhaps beside a 
lake of freezing liquid methane gas. 

The Huygens probe continued to 
transmit data for 90 minutes, three times 
longer than scientists had hoped for. 
Signals from Huygens were transmitted 
to Cassini in orbit, and from Cassini 
back to Earth, where 45 minutes later 
they were picked up by large radio tele- 
scopes. The scientific instruments 
onboard the Huygens probe gave scien- 
tists much valuable data about Saturn’s 
large and distant moon. 
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Return to Mars 

In 2004, NASA returned to Mars with 
twin robot rovers named Spirit and 
Opportunity. During the landing, each 
rover was protected inside a large airbag 
with a parachute attached. After impact, 
the ball bounced over the Martian sur- 
face until it came to a halt. Then the 
airbag deflated and opened to release 
the robot rover. The rovers landed at 
separate locations. One of the mission 
aims was to look for water—a discovery 
that would make future landings on 
Mars by astronauts a more realistic 
prospect. Landing during the Martian 
afternoon, with Earth in full view, meant 
that the landers could signal at once to 
the waiting scientists to let them know 
that the landing had been successful. 
The signals were sent to Earth by way of 
the Deep Space Network, a series of 
antennae in California, Spain, and 
Australia. Spirit and Opportunity were 
intended to work for about 90 days, 
but they were still busy two years after 
they landed. They found evidence that 
Mars was, in its past, apparently a 
watery planet. 


Probing the Future 
NASA provides up-to-date information 
on its current space probe missions 
through its Web sites. The Jet Propulsion 
Laboratory provides updates on missions 
in progress and on future missions. 
NASA’s Web sites also display the latest 
photos taken by space probes. 

Robot probes will continue to play an 
important part in twenty-first-century 





©) The Mars rover Opportunity took this photo of 
itself in 2004. It shows its rock abrasion tool after 
it ground into some Martian rock that covered it 
with red dust. 


Space exploration. Some already have 
set out on their long journeys. The 
Messenger probe left Earth in 2004 and 
will arrive at Mercury in 2011. The New 
Horizons probe, launched in 2006, 
Should reach Pluto in 2015. 

Space probes continue their journeys 
into infinity, long after they have ceased 
to communicate with Earth. Scientists 
calculate that by the year 34,593, 
Pioneer 10 will have reached a star 
called Ross 248, 10.3 light years distant 
from Earth. 


SEE ALSO: 
e Gravity ° Rocket © Satellite 


e Spaceflight ¢ Velocity 
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VOLUME GLOSSARY 


Please see Volume 5 for a complete glossary 
for all volumes. 


Aerobatics Form of aviation in which 
pilots fly in patterns and perform stunts, 
both singly and in formation. 


Aeronautics Science of designing, making, 
and flying aircraft. 


Air pressure Force of air pressing against 
something. 


Airlock Airtight chamber that forms a 
passage between two spaces with differing 
air pressure. 


Altimeter Instrument that measures altitude. 


Antenna Device, such as a radio wire or 
a large dish, used to receive or transmit 
electromagnetic waves. 


Artillery Weapons, including large guns and 
cannons, that fire shells, rockets, and missiles. 


Astrophysics Science that combines physics 
and astronomy to study the formation, 
processes, and behavior of stars and space. 


Attitude Angle of an aircraft in relation to 
the horizon or in relation to its surroundings. 


Axis Line around which something rotates. 


Barnstormer Stunt pilot of the early 1900s 
who flew in aerobatic exhibitions. 


Beacon Radio transmitter that sends out 
signals to guide aircraft. 


Booster rocket Another term for a launch 
vehicle or rocket booster. 


Canard Small, movable wing placed toward 
the front of an aircraft, often positioned on 
an airplane’s nose. 


Control surface One of the surfaces (such as 
an aileron, elevator, or rudder) on an aircraft 
that are used to change direction. 


Delta wing Airplane wing with a long, 
swept-back leading edge and a short, 
Straight trailing edge. 
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Docking Joining one spacecraft to another 
in space. 


Elevator Movable panel on an airplane’s 
tailplane that controls the aircraft’s pitch 
(movement about its lateral axis). 


Elevon Tilting part at the back of an aircraft 
wing that performs the combined jobs of an 
aileron and an elevator. 


Flight simulator Apparatus set up like an 
aircraft cockpit that can simulate flight 
conditions and is used for flight training 
or aviation research. 


Frequency Number of cycles per second of 
sound, light, radio, or other waves. 


Galaxy Huge clusters of stars, gas, and dust, 
such as the Milky Way that contain Earth’s 
solar system and many others. 


Gravity Attraction of objects to the center of 
Earth or to another planet or body. 


Guided missile Missile that uses a guidance 
system, such as the heat of its target, to find 
and destroy enemy aircraft. 


Gyroscope A wheel with a spin axis that 
always tries to point in the same direction. 


Hydraulic Using a control system that is 
operated by pumping liquid—such as 

oil or water—through pipes. 

Instrument rating Qualification acquired 
after pilots train to fly using just their 
instruments so that they will be able to fly 
when visibility is poor or zero. 


Launch vehicle Rocket or other form of 
launcher that propels a spacecraft into space. 


Mass Amount of matter of which an object 
is made. On Earth, an object’s weight is the 
same as its mass. 


Meteorology Science that involves study of 
the atmosphere and weather. 


Navigation Identifying and following a course. 
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Paradox Something that seems impossible 
or contradictory and goes against 
expectations. 


Parafoil Also called wing parachute or ram 
air wing. High-performance parachute made 
of two layers of fabric joined by dividers 
that form a line of cells, which fill with air 
to make an airfoil. 


Paratroops Military unit trained to parachute. 


Pascal Unit of measurement of pressure that 
equals 1 newton per square meter. 


Payload Load carried by a spacecraft or 
aircraft for delivery or for use on a mission. 
Pitch Motion of an aircraft about its lateral 
axis that makes its nose tip up or down. 
Propellant Something that propels (drives 
forward), such as the chemicals used to fuel 
a rocket engine. 

Propulsion Act of propelling, or driving 
something forward. 

Radar System that uses radio waves to 
detect and locate objects and movement. 
Radiation Form of energy released in 
invisible waves and particles. 
Reconnaissance Exploratory survey to gain 
information. 

Relativity Relationship of one thing to 
another. 

Rendezvous Meeting of two spacecraft in 
Space, with or without docking. 

Rocket booster Solid-fuel rocket that pro- 
vides a launch vehicle with extra thrust. 
Roll Motion of an aircraft about its longitu- 
dinal axis that makes it bank to one side 

or the other. 

Rotor Turning part of a machine, such 

as the turning blades of a helicopter. 


Rudder Movable part on the tail fin of an 
aircraft that is used to control yaw. 


Solar cell Device that converts the energy 
from sunlight into electric energy. 


Sonic boom Sound heard on the ground 
created by a shock wave from an aircraft 
flying at supersonic speeds. 


Stabilator Also called all-moving tailplane 

or all-flying tailplane. Tilting tailplane that 

performs the combined jobs of the stabilizer 
and elevator. 


Stage One of the launch sections of a rock- 
et that is discarded after its fuel is used up. 


Tail fin Vertical stabilizer placed at the 
rear of an airplane’s fuselage, forming the 
upright part of the tail. 


Tailplane Also called horizontal stabilizer. 
Horizontal part of an aircraft tail that 
sticks out on either side of the tail or rear 
fuselage to help keep the aircraft stable 
in the air. 


Thrust Force that propels vehicles, such as 
spacecraft and aircraft, and is produced by 
propellers, jet engines, or rockets. 


Transponder Radio or radar receiver that 
emits a signal when it receives a signal. 


Trim Moving the center of pressure in an 
aircraft forward or backward until it lines 
up with the center of gravity, making the 
aircraft level. 

Turbine engine Also called a gas turbine 
or just a turbine. Type of rotary engine 
in which whirling blades are rotated by 
pressure from gas or other fluid. 
Turboprop Turbine engine that uses a jet 
of gas to spin a propeller. 

Velocity Speed in a particular direction. 
Waypoint Geographical location along a 
route, identified by longitude and latitude 
and used to define aviation routes. 
Winglet Turned-up wing tip shaped to 
reduce drag. 
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acceleration, 464, 487 
accidents, 
in aircraft, 392, 415, 431, 
451, 492 
spacecraft, 409, 410 
ace, 430 
aerobatics, 423, 430 
Africa, 400, 492 
aileron, 438, 439, 440 
air defense, 454, 455 
Air France, 492 
Air Line Pilots Association, 
437 
air power, 390, 391, 392 
air pressure, 444, 445, 446, 
447, 480 
air show, 428 
air traffic control, 417, 433, 
436, 452 
aircraft, see names of 
manufacturers, names of 
aircraft models, types of 
aircraft 
aircraft design, 424 
airline, 433, 483 
airliner, 415, 417, 430, 436, 
440, 445, 452, 491, 493 
Airplane Research Laboratory, 
407 
airport, 434, 442, 443, 491 
airship, 430, 464 
Aldrin, Edwin “Buzz,” 409 
Alexander the Great, 403 
Ali, Sheikh, 400 
altimeter, 488 
altitude, 445, 446, 447, 452, 
456, 465, 496, 502 
American Airlines, 492 
angle of attack, 448 
anti-satellite missile system 
(ASAT), 475 
Apollo program, 408, 409-410, 
429, 455, 481, 497, 501 
Apollo 8, 480 
Apollo 10, 497 
Apollo 14, 479 
lunar landings, 456, 479 
navigation, 418-419 
Armstrong, Neil, 409 
astronaut, 408, 410, 413, 433, 
458, 477, 478-479, 481, 
496, 498, 501, 507 
Apollo, 429, 497 
on the Moon, 406, 409, 


412, 467, 501 
on Space Shuttle, 411, 446, 
473 


woman, 460-461 

see also cosmonaut 
Atlantic Ocean, 476 

crossings of, 431, 484 
Atlantis, 456 
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atmosphere, 407, 412, 419, 
444, 445, 468, 469, 480, 
481, 496, 497, 504, 506 

B-2, 439 

B-17, 428 

B-25, 429 

B-52, 393 

Baal, 398 

balloon, 396, 427, 430, 434, 
436, 487 

early, 396-397, 426, 447 
manned, 396, 447 
observation, 427, 464 

barnstormer, 428, 430, 433 

Bell X-1, 469 

Bellerophon, 399, 402 

Berry, Albert, 427 

biplane, 422, 423 

bird, 402, 403, 405, 414, 424, 
486 

Bladud, King, 404 

Blériot, Louis, 430 

Blue Angels, 469 

Boeing, 412 

Boeing 727, 490 

Boeing 737, 433 

bomb, 422, 423 

bomber, 415, 428, 435, 439 

World War I, 483 
World War Il, 393, 422, 
429, 455, 464 
Britain, Great, see United 
Kingdom 

British Royal Air Force, 391 

Broadwick, Charles, 427 

Bullard, Eugene, 430 

Burratini, Titus, 424 

Bush, President George W., 
484, 493 

butterfly, 414 

C-12, 452 

C-130 Hercules, 437, 449, 
450, 451, 469 

Canada, 422, 489 

canard, 439 

Cape Canaveral, 409, 411, 
412, 472 

cargo plane, 430, 447, 449, 
450, 451, 469 

Cassini spacecraft, 412, 506 

Cayley, George, 424 

Challenger, 410, 460, 471, 501 

Chandra, 477 

Chandrasekhar, 
Subrahmanyan, 477 

China, 403, 416, 426, 429, 
462, 471, 475, 489 

Clarke, Arthur C., 470 

cockpit, 415, 429, 441, 445, 
451, 481 

Cold War, 455 

Coleman, Bessie, 430 


Columbia, 410, 461, 471, 477, 
501 
compass, 416 
computers, 435, 436 
Concorde, 443 
Congreve, William, 462 
control surface, 438, 439, 
440, 441, 447, 468 
control system, 418 
Cooper, D. B., 490 
cosmonaut, 456 
Coxwell, Henry, 447 
crop duster, 430 
Curtiss, Glenn, 391, 430 
Da Vinci, Leonardo, 424, 426, 
482 
Daedalus, 400-401 
Deep Impact, 418 
Deep Space Network, 419, 507 
Delaroche, Elise Raymonde, 431 
Delaurier, James, 424, 425 
docking, 455, 456 
Doolittle, James, 392, 431 
Dornier Do-335, 451 
drag, 449 
Earhart, Amelia, 431 
Earth orbit, 395, 408, 421, 
456, 470, 473, 474, 496, 
497, 499, 502, 503 
Egypt, 398 
Eighth Air Force, 431 
Einstein, Albert, 420, 458, 459 
Eisenhower, President 
Dwight D., 406 
ejection seat, 426, 428, 429, 
469 
electronics, 415-417 
elevator, 438, 439, 440 
elevon, 439, 441 
Endeavour, 411 
engine, 447, 450, 451, 484, 
495, 497, 502 
air breathing, 412 
ion, 497 
jet, 394, 442, 448, 462, 
468, 481, 494 
piston, 448 
rocket, 463 
Space Shuttle, 441, 495 
turbine, 449 
turbofan, 443 
turboprop, 437, 448, 449 
England, 420, 421, 455 
see also United Kingdom 
English Channel, 431 
environmental issues, 
442-443, 473, 475 
Eros, 398 
Europe, 416, 427, 431, 462 
see also individual countries 
European Space Agency 
(ESA), 406 
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experimental aircraft, 451 
Explorer 1, 406, 471, 474, 
498, 499 
extra-vehicular activity 
(EVA), 408 
F-15 Eagle, 437, 475 
F-16 Fighting Falcon, 437 
F-22, 454 
Federal Aviation Administration 
(FAA), 433, 434, 435, 
437, 489, 491 
fighter plane, 437, 439, 445, 
450, 469, 475 
World War I, 430 
World War II, 423, 429, 432, 
433, 451, 454, 464 
flight plan, 436 
flight simulator, 435 
Flyer, 450 
flying boat, 483, 484 
Fossett, Steve, 436 
France, 390, 396, 397, 427, 
430, 431, 471 
Friedman, Louis, 501 
Frontier Airlines, 433 
fuel, 395, 418, 429, 436, 443, 
447, 467, 477 
rocket, 462, 463, 464, 473, 
497, 500, 502 
Galileo, 504, 506 
Garnerin, André Jacques, 426, 
427 
Garuda, 398, 401 
Gatutka, 400 
Gemini, Project, 408, 455, 481 
Germany, 402, 422, 423, 428, 
454, 455, 463, 467, 500 
Gilruth, Robert, 408, 501 
Glaisher, James, 447 
Glenn, John H., 408 
glider, 425, 434 
Global Positioning System 
(GPS), 416, 417, 459, 475 
Globalflyer, 436 
Goddard, Robert H., 463, 465, 
500 
Grand, 483 
gravity, 418, 420, 427, 440, 
444, 459, 463, 470, 474, 
496, 497, 503 
Greece, 398, 399, 403 
greenhouse effect, 443 
griffin, 403 
Griffin, Michael, 408 
Hale, William, 463 
Hargrave, Lawrence, 425 
Harris, Harold, 428 
helicopter, 430, 436, 437, 
450, 478, 486, 487, 495 
control surface, 440-441 
early, 482, 483, 484-485 
in warfare, 416, 485 


Helios, 398 
helium, 447 
Hermes, 402 
Herndon, Hugh, 431 
Hertz, Heinrich, 454 
HNS-1 Hoverfly, 483 
Holland, 402 
Horus, 398 
Houdon, Jean-Antoine, 396 
Hubble Space Telescope, 395, 
411, 470, 474 
Htilsmeyer, Christian, 454 
Huygens, 506 
hydraulics, 444, 447 
hydrogen, 447, 464, 466 
hypersonic flight, 413 
Icarus, 400-401 
India, 398, 399, 462, 471, 477 
International Space Station (ISS), 
410, 411, 446, 461, 470 
Space Shuttle and, 418, 
456, 501 
interrupter gear, 451 
Iraq, 412, 433 
Ireland, 399 
Irvin, Leslie, 428 
Israel, 398, 471, 491, 492 
Italy, 432, 454 
Japan, 392, 393, 399, 431, 
471, 476 
Jatayu, 401 
jet plane, 426, 429, 430, 433, 
443 
Jet Propulsion Laboratory (JPL), 
407, 408, 412, 499, 507 
jumbo jet, 394 
June Bug, 430 
Jupiter, 411, 496, 500, 502, 
503, 504, 506 
Kawuos, King Kai, 403 
Kelly, Oakley, 392 
Kennedy, President John F., 
408, 409 
Kennedy Space Center, 411, 
412, 461 
Kibaga, 400 
Kittinger, Joseph, 487 
Korean War, 485 
Koroglu, 400 
Korolyov, Sergei, 501 
Kraft, Chris, 408 
Laika, 470 
landing, see takeoff and landing 
landing gear, 434, 447 
Langley Research Center, 407 
Lasser, David, 500 
Law, Ruth, 430 
Learjet, 445 
Lebanon, 490 
Leibniz, Gottfried Wilhelm, 421 
legends, see myths and legends 
Lenormand, Sebastien, 427 
Leonardo Da Vinci, see Da 
Vinci, Leonardo 
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lift, 424, 425, 438, 440 
Lindbergh, Charles, 431 
Lockheed L-1011, 472 
Lorentz contraction, 458 
Louis XVI, King, 397 
Lovelace, William, 428 
Luna 1, 2, and 3, 505 
Macready, John, 392 
Magellan spacecraft, 505 
Manning, Laurence, 500 
Marie Antoinette, Queen, 397 
Marine One, 484 
Mariner 2 and 9, 505 
Mars, 408, 411, 412, 419, 461, 
470, 496, 497, 498, 499, 
501, 502, 503, 504, 505, 
507 
Mars Climate Orbiter, 419 
Mars Global Surveyer, 411, 
412, 474, 505 
Mars Observer, 411 
mass, 440 
materials and structures 
airplane, 422, 464 
balloon, 396 
ornithopter, 425 
parachute, 426, 427 
propeller, 448 
Mazda, Ahara, 398 
MB-2, 392 
Me-109, 423 
Me163 Komet, 469 
Medusa, 401, 402 
Mercury, 505, 507 
Mercury, Project, 408, 478, 
479, 481, 501 
Messenger, 507 
Messerschmitt, 469 
MH-53J Pave Low III, 416 
microlight, 433 
Midas 2, 474 
military aircraft, 390, 416, 
422, 429, 430, 449, 455 
see also names of aircraft 
models 
Milky Way, 458, 506 
Mir, 456 
missile, 455, 465, 467, 470, 475 
Mitchell, Billy, 390-393 
Mitchell, Edgar, 479 
momentum, 394-395 
Montgolfier, Jacques Etienne, 
396, 397 
Montgolfier, Joseph Michel, 
396, 397 
Moon, 408, 415, 419, 421, 465, 
470, 497, 499, 502, 505 
landings, 406, 409-410, 
418, 455, 465, 467, 
477, 479, 501 
see also Apollo program 
Moore, Clement, 402 
motion, laws of, 394, 420, 
421, 464, 499 


Murray, Bruce, 501 
myths and legends, 398-405 
Napoleonic Wars, 462 
National Advisory Committee 
for Aeronautics (NACA), 
406-407, 408, 412 
National Aeronautics and 
Space Administration 
(NASA), 406-413, 419, 
460, 461, 465, 467, 478, 
479, 501, 502, 503, 504, 
506, 507 
goals of, 407 
launch sites, 412 
leaders of, 408 
National Aviation Hall of 
Fame, 485 
projects, 408-410 
National Space Institute, 467 
navigation, 414-419 
NEEMO, 413 
Neptune, 506 
New Horizons, 507 
Newton, Isaac Sir, 394, 
420-421, 464, 499 
Nichols, Ruth, 431, 433 
Night Witch, 422-423 
Nike, 398 
Oberth, Hermann, 467, 499 
Oberth, Johannes Winkler, 500 
Orion spacecraft, 413 
ornithopter, 424-425 
oxygen, 445, 446, 463, 464, 
465, 466, 496 
Pacific Ocean, 392 
crossings of, 431, 436, 484 
splashdown in, 497 
Palestine, 491, 492 
Pan American Airways, 483, 
484 
Pangborn, Clyde, 431 
parachute, 426-429, 469, 
474, 486, 490, 504, 
506, 507 
as brakes, 429 
early, 426-427, 486 
modern, 428-429 
in sport, 426, 429, 486, 
487, 488, 489 
in war, 427, 428-429 
parafoil, 428, 429, 488 
paraglider, 488 
paratrooper, 426, 428 
passengers, 433, 436, 445, 
446, 482, 483, 490, 491 
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Pearl Harbor, 392, 393 
Pegasus, 399 
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Perseus, 401, 402 
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499 
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pilot, 422, 426, 430-437, 445, 
450, 451, 452, 483, 491, 
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airline, 434-436 
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439, 440, 441 
military, 423, 433, 437, 
445, 454, 469 
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notable, 390, 436, 478 
parachutes, 427, 428, 429 
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stunt, 430, 431 
test, 433 
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woman, 422-423, 430, 
431, 433 
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Pluto, 502, 507 
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pollution, 442-443 
Popova, Nadya, 423 
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probe, 408, 411, 417, 418, 
457, 497, 498, 499, 501, 
502-507 
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propeller, 424, 448-451, 495 
propeller plane, 424, 448-451, 
495 
proprotor, 450 
propulsion, 424, 425 
push-pull aircraft, 451 
Quimby, Harriet, 431 
R-4, 485 
radar, 423, 434, 452-457, 505 
radio and radio signal, 415, 
416, 417, 419, 425, 434, 
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Ride, Sally K., 410, 460-461 
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rocket, 406, 407, 412, 447, 
448, 462-469, 472, 473, 
477, 481, 496, 497, 500, 
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air-to-air, 464, 465 
booster, 429, 464, 465, 497 
early, 462-463 
engine, 394 
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499, 502 
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500 
powered plane, 433 
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rocket (continued) 
solid-fuel, 464, 465, 466, 
468, 469 
thruster, 395, 441, 468, 472 
roll, 435, 438, 440 
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rotor, 440, 450, 484, 495 
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rudder, 438, 439, 440, 441 
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satellite, 395, 406, 409, 411, 
460, 470-477, 496, 497, 
499, 500, 504 
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launcher, 472 
military, 474-475, 476 
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471, 475 
observation, 470, 475-476 
orbit, 473-477 
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weather, 470, 476 
Saturn, 411, 412, 499, 504, 506 
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476, 485 
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Shepard, Alan B., 408, 478-479 
shock wave, 480-481 
Shun, emperor, 403 
Sikorsky, Igor, 482-485 
Sikorsky Aircraft, 483, 484, 
485 
Sikorsky S-5, 483 
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Sinbad, 405 
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sound wave, 494-495 
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see also Russia 
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T-38, 437 
T-44, 437 
tail, 439, 440, 441, 480, 481 
tailfin, 439 
tailplane, 439 
takeoff and landing, 
aircraft, 426, 431, 433, 
450, 451, 
spacecraft, 426, 468-469, 
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437, 455, 467, 470, 471, 
474, 475, 478, 483, 485, 
489, 490, 492, 493, 498, 
500, 501, 504, 505 
United States Air Force, 406, 
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Space Race 


he space race was a period of 
E between the United States 
and the Soviet Union during 
which the two nations competed in the 


exploration of space. The race was at its 
height in the 1950s and 1960s. 


The Cold War 

The space race had its origins in the Cold 
War, a time of mutual suspicion between 
the United States and the Soviet Union 
that began after World War II 
(1939-1945). The hostility resulted from 
the deep divide between two political 
systems: Soviet communism and U.S. 
capitalism, or free enterprise. The two 
nations became the world’s military 
Super-powers, each building up huge 
stocks of weapons, including rockets. 

In 1945, after Germany’s defeat in 
World War II, both the United States and 
the Soviet Union acquired German rock- 
et technology. The German V-2 rocket 
could fly faster than sound and reach a 
height of 60 miles (96 kilometers). 
German scientists were taken to the 
Soviet Union and the United States, 
where they worked on more advanced 
rockets for their adopted countries. 


Space Research 

In the 1940s, some scientists believed 
that rockets held the key to exploring 
space. Much postwar space research 
involved testing missiles to carry 
nuclear weapons, and this research was 
carried out in secret. Although little was 
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known about the Soviet program, 
American scientists suspected that 
Soviet rockets were bigger than those 
being tested in the United States, which 
included the Viking and WAC Corporal. 
In 1949, however, the United States fired 
the world’s first two-stage rocket, using 
a V-2 as the first stage and a Corporal 
for the second stage. This two-stage 
rocket was capable of reaching space. 

July 1957 to December 1958 was 
designated International Geophysical 
Year. As part of this worldwide science 
program, the United States planned to 
launch the first artificial satellites into 
orbit around Earth. With the Cold War 
still at its height, there was little 
exchange of information between the 
United States and the Soviet Union. 
Apart from releasing some information 
about radio communications for con- 
trolling a satellite, the Soviets gave no 
hint of what was to come. 

Finally, on October 4, 1957, Moscow 
announced that Soviet scientists had 
launched Sputnik 1, the world’s first 
space Satellite. With Sputnik 1 bleeping 
its radio signals from orbit, the Soviets 
had grabbed the lead in the space race. 


Soviets Take the Lead 

Sputnik 1 weighed 183 pounds (83 
kilograms), compared with the tiny U.S. 
satellite weighing 3.5 pounds (1.5 kilo- 
grams) that still awaited launch by a 
U.S. Navy Vanguard rocket. Soviet 
leader Nikita Khrushchev promised an 
even bigger surprise. This came on 
November 3, 1957, when the Russians 
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SPACE RACE 


© The space race was a competition between two 
nations. When the Soviet Union sent the first | E = 





Th The Diumtsville Simip = 


person into space in 1961, the United States raced oe 


tik ALABAMA WEDSMEDAT, Ae tL om TEs sem o Vuure 


to catch up. 










i : So Close, Soviet Officer 
sent up Sputnik 2, carrying a dog named Yet So Far’ i eed 
Laika. In January 1958, the United — gighsCape |” In 5-Ton Ship 
States responded by launching its first U.S. Had Hoped | Maximum Height Reached 


SO ee 
satellite, Explorer 1. SSeS 


The success of the Soviet space pro- -EEn EEn eee 
gram caused a reaction in the United > tae z 
States. To counter the Soviet lead in ‘i 
Space exploration and rocketry, the U.S. 
government established the National 
Aeronautics and Space Administration 
(NASA) in October 1958. 

The Soviets, however, continued to 
chalk up firsts. In 1959 their Luna 2 
probe made a crash landing on the 
Moon. Then another Luna probe pho- 
tographed the far side of the Moon for | 
the first time. Soviet cosmonauts and ` 
American astronauts were already in 
training for manned missions. Soviet 
plans remained shrouded in secrecy, 
however, while NASA introduced its 
seven Mercury astronauts to the media. 





THE PRESIDENT'S CHALLENGE 


In 1961, the Soviet Union made more Hoela nsa on sNould -conimiit 


headlines when Yuri Gagarin became the 
first person in space. His Vostok space- 
craft was three times heavier than the 
U.S. Mercury capsule, in which John 
Glenn became the first American to orbit 
Earth in 1962. 


NASA Advances 

The Soviet successes pushed the U.S. 
government into funding the $20 billion 
Apollo program that aimed to land 


itself to achieving the goal, before this 
decade |s out, of landing a man on the 
Moon and returning him safely to the 


Earth. No single space project... will be 
MOnewexciting, Or more Impress Nerio 


mankind ... and none will be so difficult 
or expensive to accomplish.: 

President John F Kennedy 

addressing Congress, May 25, 19617 
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©) The United States launched its first satellite, 
Explorer 1, on a Jupiter rocket at Cape Canaveral, 
Florida, in January 1958. The Soviets had 
launched their first satellite a few months before. 


astronauts on the Moon before the end of 
the 1960s. NASA successes and failures, 
broadcast live on television and radio, 
were very public. Soviet flights were 
revealed only after a successful launch. 
The Soviets made more headlines with 
the first two-person spacecraft, the first 
woman astronaut, and the first space- 
walk. With the U.S. Gemini program, 
however, NASA demonstrated essential 
Space techniques, such as docking. U.S. 
computer and ground-tracking systems 
also were far ahead of Soviet electronics 
at the time. 
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THE HUMAN COST 
OF THE SPACE RACE 


There were human casualties of the space 
race. Three U.S. astronauts were killed in 
a fire In January 1967 when they were 
trapped in their capsule as it caught Tire 


during testing. The men were Apollo 1 
crewmen Virgil Grissom, Roger Chaffee, 
and Edward White. Soviet cosmonaut 
Vladimir Komarov was killed in Soyuz 7 in 
April 1967. Three other Soviet cosmonauts 
(Georgi Dobrovolski, Viktor Patsayey, 
Vladislav Volkov) died in Soyuz 77, in 1971. 





By the mid-1960s, manned space- 
flights attracted huge public interest. 
The promise of Apollo overshadowed 
scientific missions by robot probes to 
the planets Mars and Venus, which were 
launched by both the Soviet Union and 
the United States. 

By 1969, the Americans had a rocket 
to match the Soviet boosters: the mighty 
Saturn V, built to send Apollo to the 
Moon. Each Apollo test flight aroused 
high public excitement. The world was 
watching when, on July 20, 1969, the 
Apollo 11 lunar lander touched down on 
the Moon, and Neil Armstrong radioed a 
message to Earth: “Houston, Tranquility 
Base here. The Eagle has landed.” 


Working Together 
The Apollo triumph persuaded many 
people that the United States had won 


(c) 2011 M.E. Sharpe, Inc. All Rights Reserved. 
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the space race. No Soviets flew to the 
Moon, although unmanned Zond space- 
craft may have flown test flights for 
a Moon mission. Soviet plans for 
a Moon landing were abandoned, prob- 
ably because of serious problems with 
the rocket launcher and the lunar space- 
craft. The closest the Soviet Union came 
to the Moon was when two small robot 
vehicles crawled over the dusty lunar 
surface. Instead, the Soviets 
turned their attention to orbital 
Space stations, such as Salyut 1 
(1971) and later Mir. In 1975, on 
the Apollo-Soyuz Test Project, 
American and Soviet astronauts 
flew together in space. A new era 
of cooperation had begun. 

By the 1980s, the space race 
was over. Relations between the 
United States and the Soviet 
Union improved, with the signing 
of treaties agreeing to bans on 
nuclear weapons testing and cut- 
backs in the production of missiles. 
The United States introduced the Space 
Shuttle in 1981. Although they launched 
their Buran shuttle in 1988, the Soviets 
never seriously competed with the new, 
reusable spacecraft. 

In 1989, the Soviet Union broke apart 
into separate countries. Since then, 
Russia has worked as a partner with the 
United States to build and operate the 
International Space Station. New partic- 
ipants in space include the European 
Space Agency (ESA) and China. (China 
became the third nation to launch an 
astronaut, in 2003.) 


The space race provided significant 
technological spin-offs (especially in 
electronics) and led to an increase in sci- 
ence education. A future space race 
might be a commercial contest between 
companies offering space tourism, but 
most people believe that the future of 
scientific space exploration lies in inter- 
national cooperation rather than in a 
race for the stars. 





©) In 1995, U.S. Space Shuttle astronaut Robert 
Gibson met and shook hands with cosmonaut 
Vladimir Dezhurov during the first international 
docking mission of the Space Shuttle with the 
Russian space station Mir. The mission, STS-71, 
commemorated the Apollo-Soyuz Test Project 
twenty years earlier, which brought the space race 
to a symbolic close. 


SEE ALSO: 


e Apollo Program ¢ Astronaut 


e Gagarin, Yuri ¢ Glenn, John 
e Spaceflight ¢ Sputnik 
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Space Shuttle 


he Space Shuttle was the world’s 

first reusable spacecraft and the 

first spacecraft with wings. The 
Space Shuttle can carry seven astronauts 
into space, stay in orbit for about two 
weeks, and then fly back to Earth to land 
on an airstrip. 


The Shuttle Concept 

Until the first Space Shuttle flew in 
1981, all spacecraft (manned craft, satel- 
lites, and space probes) were launched 
by multistage rockets. Such rockets and 
the spacecraft they carried could be used 
just once. Only the spacecraft itself 
reached space; the discarded rocket 
Stages fell into the sea or burned up in 
the atmosphere. The Space Shuttle was 
planned as a more economical vehicle 
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Cargo bay 


that could make regular trips into space. 
It has no rival. The Soviet Buran shuttle 
spacecraft, similar in appearance, made 
only one flight, without a crew, in 1988; 
it was thereafter canceled. 

In 1969, a Space Task Group set up 
by President Richard Nixon’s adminis- 
tration suggested several new space 
projects. One was a reusable spacecraft, 
capable of flying one hundred or more 
missions. The result was the Space 
Shuttle, known to NASA as the Space 
Transportation System (STS). The main 
contractor was North American Aviation 
(later part of Rockwell International, 
now part of Boeing). Other contractors 
responsible for supplying the engines 


€) A view inside the Space Shuttle shows the 
giant engines, the cargo bay, and the flight deck 
and mid-deck where the astronauts live. 
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SPACE SHUTTLE 


and fuel tanks, were Morton Thiokol, 
Martin Marietta, and Rocketdyne. 

The first Shuttle to fly was 
Enterprise, which was used for prelimi- 
nary flight and landing tests from 1977. 
These tests included flights on top of 
a modified Boeing 747 airplane. 
Enterprise never actually went into 
space. Five Space Shuttles have flown in 
orbit. The first operational Space 
Shuttle, delivered to NASA in March 
1979, was Columbia, which made its first 
space flight on April 12, 1981, and 
remained in service until it was 
destroyed in a tragic accident in 2003. 
Challenger, which arrived at Kennedy 
Space Center in July 1982, was the first 
Space Shuttle to be lost in an accident, 
in January 1986. The three Space 
Shuttles currently operational are 
Discovery, delivered in November 1983; 
Atlantis, delivered in April 1985; and 
Endeavour, which was built to replace 
Challenger and arrived at Kennedy 
Space Center in May 1991. 


Getting into Orbit 

The Space Shuttle design has three main 
elements: the spacecraft itself, called the 
orbiter; an external propellant tank; and 
two solid-fuel rocket boosters. The 
orbiter looks like a stubby airplane with 
small, swept-back wings. The external 
tank holds fuel for the spacecraft’s main 
engines. The boosters provide most of 
the lift during the first 2 minutes of 
flight. All elements of the Space Shuttle 
are reused except for the external pro- 
pellant tank. The Space Shuttle’s two 


THE SPACE SHUTTLE 


Length: 122 feet (37 meters). 
Wingspan: 78 feet (24 meters). 
Length with fuel tank and 
boosters: 184 feet (56 meters). 
Cargo bay: 60 feet by 15 feet 

(18 meters by 4.5 meters). 
Maximum payload: 50,000 pounds 
(22,700 kilograms). 

Orbit altitude: about 185-250 
miles (300-400 kilometers). 

Orbit speed: 17,321 miles per hour 
(27,870 kilometers per hour). 
Landing speed: about 215 miles 
per hour (345 kilometers per hour). 





solid-fuel boosters burn out 2 minutes 
after liftoff, at a height of about 28 miles 
(45 kilometers). They are landed by 
parachutes and used again. The external 
tank holds more than 1.57 million 
pounds (713,000 kilograms) of liquid 
hydrogen and liquid oxygen. When this 
fuel is used up, after 8 minutes, the 
empty tank is jettisoned over the ocean 
just before the Space Shuttle enters 
orbit. The tank then burns up in Earth’s 
atmosphere. 

Once in orbit, a Space Shuttle pilot 
can fire small thruster motors to maneu- 
ver the craft. The thrusters may be used 
to change direction and to slow down, 
for example when docking with the 
International Space Station. 
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SPACE LABORATORY 


Spacelab was a reusable laboratory 
designed for the Space Shuttle. It 
allowed scientists to perform experi- 
ments while orbiting Earth. The labora- 
tory, mounted inside the Space Shuttle's 
cargo bay, was used on many missions. 
Many experiments tested the effects of 
weightlessness and space on living 
things. Spacelab missions have included 
life science experiments involving 
human astronauts as well as animals 
taken into space for scientific research. 
On April 17, 1998, more than 2,000 
living creatures joined the seven crew 
members of the Space Shuttle Columbia 
(STS-90) for a sixteen-day mission called 
Neurolab. During the mission, twenty- 
six experiments focused on studies of 
the nervous system and how it develops 
and functions in space. Test subjects 
included crew members as well as rats, 
mice, crickets, snails, and fish. This was 
Spacelab's last scheduled flight. 
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Shuttle Missions 

On a standard mission, the crew com- 
prises five to seven members. It includes 
a commander, a pilot, payload special- 
ists, and mission specialists. The special- 
ists could be engineers in charge of a 
piece of equipment or scientists con- 
ducting experiments. On a rescue mis- 
sion, a Space Shuttle could be flown by 
three astronauts to bring back all seven 
crew members from another Space 
Shuttle that was in trouble. 

The Space Shuttle can be used to 
launch satellites, to repair faulty equip- 
ment, to transport supplies and crew to 
Space stations, and to perform experi- 
ments in space. Its cargo bay can hold 
up to five satellites. A satellite that needs 
to be placed in a high orbit above 
the Space Shuttle’s maximum operating 
altitude of 400 miles (640 kilometers) 
is boosted by a small rocket motor. The 
cargo bay also can carry a space labora- 
tory, inside which scientists can work 
comfortably. 

The Space Shuttle has performed 
many significant missions. Scientific 
experiments performed on board have 
increased knowledge about space travel, 
microgravity, and how these affect 
humans and other living things. Space 
Shuttles have transported satellites into 
Space, transforming our ability to com- 
municate and broadcast information. 
The Space Shuttle is used to carry com- 
ponents and crew to the International 
Space Station. Space Shuttle missions 
have installed, maintained, rescued, and 
repaired numerous space facilities, 
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©) Guided by a microwave beam landing system, 
the Space Shuttle makes a fast approach to the 
runway, lowers its landing gear, and touches 
down. This mission ended with a landing at 
Edwards Air Force Base in California. 


mostly notably the Hubble Space 
Telescope, which the Shuttle carried into 
Space in 1990. 


Coming Back to Earth 

At the end of its orbital mission, the 
Space Shuttle comes back to land on 
Earth. During reentry, the craft adopts a 
nose-up angle, and heat-absorbent tiles 
on the spacecraft’s underside shield the 
crew from the intense heat. As it 
descends, the Space Shuttle switches to 
horizontal flight, dropping fast through 
the air toward the landing strip. With no 
engine power during landing, pilots 
have described the Space Shuttle during 
air flight as a “flying brick.” A Shuttle 


SHUTTLE FACTS 


e Most Space Shuttle missions last 
between five and sixteen days. 

e [he longest orbital mission to date was 
STS-80, which lasted 17.5 days in 
November 1996. 

e Early missions carried two-person 
crews, but the usual crew Is seven. The 
Space Shuttle has room for ten. 

e More than 800 people have flown into 
Space on Space Shuttles. 

e Each Space Shuttle mission Is given a 
nuniber preceded by Sithe letiense 515, 
which stands for Space Transportation 
System. 

e The energy released by the Space 
Shuttle’s three main engines Is equivalent 
to the output of thirteen Hoover Dams. 
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pilot has only one opportunity to land 
the spacecraft—because it has no engine 
power for landing, the craft cannot fly 
around for a second try. Space Shuttle 
landings are usually made at the 
Kennedy Space Center in Florida or at 
Edwards Air Force Base in California. At 
Kennedy Space Center, the Space Shuttle 
lands on a 2.8-mile (4.5-kilometer) run- 
way, one of the longest in the world. 


Aboard the Space Shuttle 

The Space Shuttle is about the same size 
and weight as a medium-size airliner, 
but crew conditions inside are cramped. 
The cargo bay takes up the middle of the 
spacecraft. The main engines and orbital 
maneuvering systems are in the tail sec- 
tion. The flight deck and living quarters, 
are confined to the forward fuselage. On 
the flight deck, two pilot seats are fitted 
with manual controls in addition to the 
automatic systems. The pilots have more 
than 2,000 separate displays and 


To carry out extravehicular activity 
(EVA), or spacewalks, the crew exits the 
Space Shuttle through an airlock, wear- 
ing spacesuits. The airlock has room for 
two crew members to change spacesuits. 
An EVA that involves a complex task in 
the payload bay may last up to 6 hours. 
One of the tools that Space Shuttle 
astronauts may use is the Remote 
Manipulator System (RMS), a 50-foot 
(15-meter) articulating arm, remotely 
controlled from the flight deck. The 
arm has a video camera near its tip, so 
the operator can see clearly when doing 
delicate assembly or repair work. 


Replacing the Space Shuttle 

After a trouble-free start, the Space 
Shuttle program was severely affected 
by the losses of two spacecraft, 
Challenger and Columbia, which caused 
the deaths of fourteen astronauts. On 
January 28, 1986, Challenger blew up 





controls on the flight deck to gue 
e e | Ye z ps PY 4 
monitor. The mid-deck area con- {| 


tains four crew sleep stations, the 
waste management system, a 
personal hygiene station, and a 
table used for work and meals. 
The mid-deck also contains an 
area for scientific experiments. 


DA large truss (support) for the 
International Space Station arrives at 
the Kennedy Space Center in 1999. The 
Space Shuttle carried the truss in its 
cargo bay to the space station, where it 
was installed by astronauts. 
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just seconds after takeoff from 
Kennedy Space Center and on 
February 1, 2003, Columbia 
was destroyed 16 minutes 
before it was due to land back 
on Earth at Kennedy Space 
Center. On its twenty-eighth 
mission (STS-107), Columbia 
disintegrated at a height of 
about 40 miles (64 kilometers). 
After both tragedies, NASA 
suspended planned Space 
Shuttle flights while experts 
investigated the causes of the 
accidents. On both occasions, 
after modifications to the 
remaining fleet, the Space Shuttles went 
back into space. After the 2003 disaster, 
flights resumed in July 2005, with the 
launch of Discovery on mission STS-114. 
This mission experienced a new scare, 
when onboard cameras showed a section 
of foam breaking off during launch (the 
problem that had caused the destruction 
of Columbia). During its orbital mission, 
when Discovery docked with the 
International Space Station, two astro- 
nauts made a spacewalk to check for 
damage—the first time astronauts had 
worked beneath the craft in space. 
Although the Space Shuttles are fly- 
ing again, the two accidents damaged 
NASA’s high reputation for “safety first” 
engineering. Critics of the Space Shuttle 
complain of the cost. At times, the pro- 
Sram has consumed 30 percent of 
NASA’s budget, and overall it has cost 
more than $150 billion. Some people 
argue that the Space Shuttles were sim- 





©) In 2005, astronauts on board Discovery per- 
formed an EVA to inspect and repair heat shield 
tiles on their spacecraft. The tiles can be seen in 
the foreground. 


ply overworked, launching all kinds of 
payloads, including commercial and 
military satellites. The size of payloads 
was reduced after the 1986 Challenger 
accident. Heavy-lift rockets, such as 
Delta IV and Ariane, now provide an 
alternative to the Space Shuttle for 
Satellite launches but not for Space 
Station visits. The Shuttles are due to be 
retired in 2010 and replaced by NASA’s 
new Orion spacecraft. 


SEE ALSO: 


e Astronaut ¢ Challenger and 


Columbia ©% Future of Spaceflight 
e NASA e Spaceflight 
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Speed 


peed is the rate of an objects 
Sve usually expressed as the 

distance traveled per unit of time, 
such as miles per hour or meters per sec- 
ond. Aircraft fly at a wide range of 
speeds, from an airship gliding slowly 
through the air to a fighter plane streak- 
ing across the sky faster than the speed 
of sound. Spacecraft travel even faster. 


Regimes of Flight 
Aircraft speeds are divided into bands. 
From the slowest to the fastest, the 
bands are: low speed, medium speed, 
high speed, supersonic, and hypersonic. 
These speed bands also are called 
regimes of flight. 

The low-speed regime includes light- 
weight craft, such as hang gliders and 





©) On November 16, 2004, this unmanned 
X-43A flew at Mach 9.8. Using a scramjet 
engine, the X-43 is designed to reach 
Mach 10 and above. 
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airships, that fly up to 100 miles per 
hour (160 kilometers per hour). The 
medium-speed regime includes propeller 
planes flying up to about 350 miles per 
hour (560 kilometers per hour). High- 
speed aircraft fly up to about 700 miles 
per hour (1,100 kilometers per hour)— 
these aircraft are mostly jet airliners. 
Supersonic planes, such as the F-22 
Raptor fighter, fly between Mach 1 (the 
speed of sound) and Mach 5 (five times 
the speed of sound). Hypersonic craft fly 
faster than five times the speed of 
sound. The Space Shuttle is an example 
of a hypersonic craft. 


Airspeed and Groundspeed 

An aircraft’s speed is measured in a vari- 
ety of different ways. Its speed across 
the ground is called its groundspeed. An 
airplane’s speed compared to the air 
through which it moves is 
called its true airspeed. If 
the air is moving (if there is 
a wind blowing), the 
sroundspeed and true air- 
speed are not the same. The 
speed that appears on the 
airspeed instrument in an 
aircrafts cockpit is the 
indicated airspeed. Pilots 
used to do complicated cal- 
culations to convert the 
indicated airspeed to the 
groundspeed, which is the 
speed the pilot needs to know for accu- 
rate navigation. Today, flight computers 
and electronic navigation systems take 
care of this task. 
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Record Holders 
The Lockheed SR-71 Blackbird holds the 
official world airspeed record. On July 
28, 1976, it flew 2,188 miles per hour 
(3,530 kilometers per hour) near Beale 
Air Force Base in California, with Eldon 
W. Joersz at the controls. 

Other aircraft have gone faster than 
the Blackbird, but they do not qualify 
for the official world airspeed record 
because they cannot take off and land 
under their own power. In 1967, the 
X-15 rocket plane reached a top speed of 
4,520 miles per hour (about 7,270 kilo- 
meters per hour), or Mach 6.7. It is the 
fastest manned aircraft that has ever 
flown, but it is launched in midair from 
beneath the wing of a B-52 bomber. 

A spacecraft has to be boosted to a 
speed of about 17,500 miles per hour 
(28,000 kilometers per hour) to go into 
low Earth orbit. The highest speed 
ever attained by a manned space- 
craft is 24,791 miles per hour 
(39,900 kilometers per hour). The 
Apollo 10 spacecraft reached this 
speed during its return from the 
Moon in 1969. The fastest space 
probe, and also the fastest human- 
made object of any kind, was the 
Helios 2 solar space probe. It 
reached a speed of 157,000 miles 
per hour (252,700 kilometers per 
hour) in the 1970s. 


SEE ALSO: 


e Supersonic Flight ¢ Velocity 











©) The Apollo 10 capsule, seen here during its 
launch on a Saturn rocket in 1969, reached a 
speed of almost 25,000 miles per hour (or almost 
40,000 kilometers per hour) during its return 

to Earth. 


THE FASTEST AIRCRAFT 


Rating Aircraft Top speed 
Boeing X-43 (unmanned) Mach 9.8 
North American X-15 Mach 6.7 
Lockheed SR-71 Blackbird Mach 3.2+ 
MiG-25R Foxbat-B Mach 3.2 


Bell X-2 Mach 3.2 
North American 

XB-70 Valkyrie Mach 3.1 
MiG-31 Foxhound Mach 2.83 
MiG-25 Foxbat Mach 2.8 
F-15 Eagle Mach 2.5 
F-111 Aardvark Mach 2.5 
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Sputnik 


putnik is the Soviet word for trav- 
S eling companion, and Sputnik 1 


was the first space traveler from 
Earth. The world’s first artificial satellite, 
it was launched by the Soviet Union on 
October 4, 1957. 


International Geophysical Year 
After World War II brought advances in 
rocket technology, interest in launching 
artificial satellites grew, in both the 
United States and the Soviet Union. The 
world’s science organizations designated 
1957 to 1958 as International Geo- 
physical Year. Committees were formed 
to observe such phenomena as cosmic 
rays, gravity, and solar activity. It was 
hoped that the period also would see the 
launch of the first satellite. 

The United States prepared two satel- 
lites, Explorer and the smaller Vanguard. 
No one was entirely sure that a satellite 
launch would work. For that reason, 
Vanguard was a tiny spacecraft, 


designed to test the theory that it was 


possible to launch a satellite on top of a 
multistage rocket. Unlike the Soviets, the 
Americans had relatively small launch 
rockets. Also unlike the Soviets, they 
released details of their space program 
to the public. 

Very little information had been 
released about Soviet space plans, 
although some details of space radio 
links had been made public, suggesting 
that the Soviets had a satellite program. 
This was the era of the Cold War, when 
the United States and the Soviet Union 
were building up their supplies of large 
rockets for military use as well as for 
scientific study. Rockets used as ballistic 
missiles could potentially deliver nuclear 
weapons over ranges of thousands of 
miles. Both sides kept their military 
developments secret, and the Soviet 
Union extended this secrecy to its devel- 
opment of space technology. 


€) The State Commission for the Sputnik satel- 
lite, photographed in 1957, comprised represen- 
tatives of Soviet military, industry, and science. 

The team was assembled just to develop Sputnik. 
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SPUTNIK 


SPUTNIK 1 


The satellite Sputnik 1 was fairly sim- 
ple. It was an aluminum sphere pres- 
surized by nitrogen gas. Inside the 
sphere were batteries providing elec- 
trical power for two radio transmit- 
ters. Attached to the outside of the 
Sphere were four whip-like radio 


antennae. 


Launch date: October 4, 1957. 
Size: 23 inches (58 centimeters) 

in diameter. 

Weight: 183 pounds (83 kilgrams). 
Speed: About 18,000 miles per hour 
(28,960 kilometers per hour). 
Orbital height: 143-584 miles 
(230-940 kilometers). 

Orbital time: 96 minutes. 


The Soviet Plan 

The Soviets had been developing power- 
ful rocket motors for some time, and 
they originally had hoped to launch a 
large satellite packed with scientific 
instruments. They scaled down their 
plan when they learned how small 
Vanguard was (the U.S. satellite weighed 
only 3.5 pounds, or 1.5 kilograms). 

To ensure success, the Soviets opted 
to start by launching Sputnik 1, an 
“artificial moon” simpler and smaller 
than their science satellite, but still 
much bigger and heavier than its U.S. 
rival. Soviet space scientists were confi- 








©) An "exploded" view of Sputnik 7 shows that 
the world's first satellite was a simple device. 


dent of putting this small satellite into 
orbit, even if its scientific value would 
be limited. 

Sputnik 1 was designed and built in 
conditions of great secrecy by a team of 
Soviet scientists and engineers led by 
Sergey Korolev (1907-1966), chief 
designer of the Soviet space bureau. 
Korolev had helped design the long- 
range ballistic missiles from which the 
R-7 satellite launcher rocket was devel- 
oped. After successful R-7 test flights in 
the summer of 1957, a modified version 
of the R-7 was prepared to launch 
Sputnik 1. 
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Into Orbit 

On October 4, 1957, the rocket carrying 
“Elementary Satellite 1,” or Sputnik 1, 
took off from the desert near Tyura-Tam, 
in what is now the Kazakh Republic. All 
went well, and the first radio signals 
from space told the waiting Soviet sci- 
entists that Sputnik 1 was in orbit. They 
announced their success to the world, 
and almost every newspaper, radio, 
and television network carried the 
story. Sputnik 1 was headline news. 
Astronomers trained radio telescopes on 
the tiny satellite. Amateur radio enthu- 
Siasts in many countries picked up the 
satellites “beep beep” radio signals as 


it passed overhead. 
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Sputnik 1 had a brief working life, 
but its historic flight proved that a 
human-made craft could survive launch 
and fly in orbit. The scientific data gath- 
ered from the flight was limited, but 
Sputnik 1 did help to identify the 
density of the layers in the upper atmos- 
phere and provided useful information 
on how radio signals from space were 
received on Earth. 

Scientists had feared that space dust 
or meteoroid impact might damage the 
spacecraft. Even a minute hole in the 
satellite would have caused a detectable 
drop in pressure and temperature. 
However, Sputnik 1 continued to orbit 
Earth undamaged. The spacecraft’s radio 
batteries ran out before the end of 
October, after which no more signals 
were received. The satellite stayed in 
orbit until January 1958, when it burned 
up as it reentered Earth’s atmosphere, 
having traveled about 37 million miles 
(60 million kilometers). 


Reaction in the United States 

With the successful orbit of Sputnik 1, 
the space race between the United States 
and Soviet Union had begun. President 
Dwight D. Eisenhower sent congratula- 
tions to the Soviet leadership, but the 
success of the Sputnik program caused 
Surprise—and dismay—in the United 
States, especially among space scientists. 


= Sputnik missions were launched from Tyura- 
Tam in the Soviet Union. The launch of Sputnik 2, 
shown here, took place in November 1957. The 
spacecraft carried a dog named Laika into space. 
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Many scientists had attended a science 
symposium in Washington, D.C., the 
week before the launch, at which Soviet 
Space scientists had been present. Not a 
hint had been given that a satellite 
launch was pending. 

The Sputnik program was a blow to 
U.S. scientific prestige. Sputnik 1 was 
over fifty times heavier than Vanguard. Its 
weight, the Americans knew, must have 
required a powerful launch vehicle and 
suggested a dangerous technology gap. 
The Soviets were taking the lead with 
more powertul space rockets and, presum- 
ably, bigger bomb-carrying missiles. 

The National Aeronautics and Space 
Administration (NASA) was created in 
1958 to oversee a new program of U.S. 
space flights. Explorer and Vanguard 
satellites were successfully launched in 
1958, showing that the United States 
also had a space capability, and further 
success soon followed. 


More Soviet Successes 

Sputnik 1 was crude by modern stan- 
dards, but the Soviets launched the 
much larger Sputnik 2 on November 3, 
1957. Inside that spacecraft was the first 
animal to orbit Earth, a dog named 
Laika. Sputnik 2 was not designed to 
reenter the atmosphere and land, so 
Laika died in space. 

By the end of 1957 the Soviet Union 
was clearly the winner of the first lap of 
the space race. Sputnik was a political 
triumph, trumpeted by the Soviet Union 
and its supporters as a brilliant example 
of Communist achievement. 


SPUTNIK REPLICAS 


A model of Sputnik 7 was presented 
to the United Nations and is on dis- 
play at its building in New York City. 
There is also a replica at the National 


Aerospace Museum in Washington, 
DORMA tomak the Truet 
anniversary of the launch of Sputnik 
7, a scale model of the satellite— 
made by students at one-third of the 
Original size—was launched from the 
Mir space station. 





Altogether there were ten Sputnik 
missions. Sputnik 3 (May 1958) was the 
Soviets’ original large science satellite. 
On August 19, 1960, Sputnik 5 carried 
into orbit two dogs (named Belka and 
Strelka), forty mice, two rats, and an 
assortment of plants. The following day, 
the spacecraft landed successfully with 
its animal and plant passengers alive 
and well. Sputnik 10 was the last 
Sputnik, in March 1961, and it also 
carried a dog, Zvezdochka. This final 
mission was flown in preparation for the 
first manned spaceflight by Yuri Gagarin 
in April 1961. 


SEE ALSO: 
e Gagarin, Yuri ¢ NASA e Satellite 


e Space Race 
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Stability and Control 


n airplane’s stability is its ability 
Ae correct itself when it is upset 

by turbulence or a gust of wind. 
The stability of an aircraft affects its 
performance, handling, and control in 
the air. Most airplanes are designed to 
be stable in all three dimensions: longi- 
tudinal stability (stability in pitch), later- 
al stability (stability in roll), and finally 
directional stability (stability in yaw). 


Longitudinal and 
Lateral Stability 
Longitudinal stability helps an airplane 
to stay level from nose to tail. This form 
of stability is provided by the aircraft’s 
horizontal stabilizers, or tailplanes. If a 
gust of wind pushes a plane’s nose up, 
the horizontal stabilizers produce more 
lift and raise the tail as well, keeping it 
level with the nose. If a gust pushes the 
nose down, the tail also dips. 

Lateral stability helps to stop a plane 
from rolling, or banking, unless the pilot 


wants it to roll. The wings provide the 
lateral stability. Most airplane wings tilt 
up at an angle from the fuselage to the 
wingtips, making a shallow V shape. 
This is called the wing dihedral. If the 
plane rolls to one side, one wingtip rises, 
and the other falls. The plane also begins 
to slide sideways toward the lower wing. 
As it starts to slide, air pushes back 
against it. The air resistance lifts the 
lower wing and levels the aircraft. 

An airplane’s wings usually are con- 
nected to the plane at the bottom of the 
fuselage, but a few planes have wings 
that connect at the top of the fuselage. 
These wings do not have a dihedral 
Shape. Instead, they are level or droop 
down a little. The drooping wing shape 
is the opposite of dihedral, and it is 
called negative dihedral or anhedral. 


©) This diagram shows the dihedral angle of the 
wing used in most airplanes. The angle provides 
lateral stability and keeps the aircraft from rolling 
during flight. The stabilizers in the tail provide 
longitudinal and directional stability. 
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This type of airplane gets its lateral 
Stability from the weight of its fuselage. 
If the plane is pushed over into a roll by 
a gust of wind, the fuselage works like 
the heavy weight at the bottom of a pen- 
dulum and swings the plane back to an 
upright position. Hang gliders and 
microlight aircraft are stable for the 
Same reason—the pilot’s weight hanging 
below the wing provides stability. 


Directional Stability 

Directional stability keeps a plane flying 
in a straight line without veering to one 
side or the other. Early airplanes had lit- 
tle stability. The pilot had to concentrate 
extremely hard and constantly make 
adjustments to keep the plane under 
control. A gust of wind or a careless 
maneuver could send the plane spiraling 
to the ground. Many early aviators died 
in crashes caused by poor stability and 
control problems. 


O Early winged aircraft were highly unstable. 


This plane crashed near El Paso, Texas, in 1911. 


A modern plane’s tail fin, or vertical 
Stabilizer, helps to provide directional 
Stability. If the plane’s nose is pushed to 
one side by a gust of wind, the airflow 
around the tail fin moves the tail back in 
line with the nose, so that the plane 
keeps flying in the same direction 
instead of veering off course. (Weather 
vanes keep pointing into the wind for 
the same reason.) 


Control 

The wings, fin, and stabilizers keep an 
airplane flying straight and level. A 
pilot, however, needs the ability to make 
an airplane turn, climb, dive, and roll. 
Parts of the aircraft’s wings, fins, and 
Stabilizers are hinged so that they can 
swivel. These moving parts are called 
control surfaces. The control surfaces are 
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the ailerons in the wings, the elevators 
in the horizontal stabilizers, and the 
rudder in the vertical fin. When the pilot 
moves the flight controls in the cockpit, 
the control surfaces move and change 
the aircrafts balance. The aircraft 
responds by turning, pitching its nose up 
or down, or rolling. 

An aircrafts ability to produce the 
amounts of pitch, roll, and yaw the pilot 
wants is called the aircraft’s response. 
Different types of aircraft often need a 
different response. For example, a fast 
response is crucial for fighter planes in 
combat. Modern fighters are deliberately 
designed to be unstable. Flight comput- 
ers keep a fighter plane under control 
until the pilot needs to make a fast 
maneuver, when the plane’s lack of sta- 
bility enables it to respond instantly to 


C The weight of passengers must be spread 
evenly through the aircraft to keep the plane 
balanced and stable. 


the controls. Airliners do not need the 
rapid response of fighters. An airliner is 
more stable and responds more slowly to 
its controls. 


Balance and Weight 

If an aircraft is to be stable and easily 
controlled, it must be well balanced. An 
aircraft balances around a point called 
its center of gravity, or center of mass. 
When fuel, passengers, cargo, or any 
other weight is added to an aircraft, it 
must be spread evenly throughout the 
aircraft. Too much weight at the front 
moves the center of gravity forward and 
makes the aircraft nose-heavy. Too 
much weight at the back makes it tail- 
heavy. More weight on one side than the 
other side makes it roll. An aircraft’s 
center of gravity must not be allowed to 
move too far in front of, or behind, its 
ideal position. If this happens, the air- 
craft can become difficult to fly or even 
dangerously unstable. 
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Military transport aircraft have a 
crew member called the loadmaster. Part 
of the loadmaster’s job is to place the 
cargo and passengers on board so that 
the plane’s center of gravity stays 
within its allowed limits. The center of 
gravity moves as an aircraft burns off 
fuel during a flight, so the loadmaster 
must take this into account. 

An airliner’s weight and the position 
of its center of gravity are calculated 
before every flight. The amount of fuel it 
has to carry depends on its weight. A 
heavier aircraft needs more fuel. To cal- 
culate the weight and the position of the 
center of gravity, the crew needs to 
know approximately how much the fuel, 
passengers, and baggage weigh. 

Most of the weight carried by an air- 
liner is fuel, and so the amount of fuel 
pumped into the aircraft’s tanks is meas- 
ured. The weight of each gallon, or liter, 
is known, so the weight of the fuel can 
be calculated. Most of the fuel is stored 
in the wings on each side of the aircraft. 

The baggage is weighed too, but what 
about the passengers? Passengers are 
not weighed individually. Instead, air- 
lines use standard passenger weights, 
based on an average and multiplied by 
the number of passengers, to arrive at 
the total weight of all the passengers. 


SEE ALSO: 


e Aileron and Rudder e Aircraft, 


Commercial è Fighter Plane œ Pitch, 
Roll, and Yaw e Tail 





HEAVY PASSENGERS 


People are getting heavier. [he weight of 
the average person has been increasing 
Since the standard weights used by air- 
Mes Were set in the (990smirassengers 
also are bringing more carry-on baggage 
onto airplanes, and airlines have had to 
take this extra weight Into account. 
Since the 1990s, the average passenger 
weight, including carry-on baggage, has 
increased from 170 pounds (77 kilo- 
grams) to 190 pounds (86 kilograms). 
In winter, passengers wear more clothes, 
so the average passenger weight in 
winter increases further to 195 pounds 
(88 kilograms). 

In 2005, because of these changed 
Statistics, the -U Seder a paaauion 
Administration (FAA) issued new figures 
for standard passenger weights. [he 
average weight of an adult man with 
carry-on baggage was increased from 
185 pounds (84 kilograms) to 200 
pounds (91 kilograms) in summer and 
205 pounds (93 kilograms) in winter. The 
weight for an average woman with 
Carry-ons was Increased from 145 
pounds (66 kilograms) to 179 pounds 
(81 kilograms) in summer and 184 
pounds (83 kilograms) in winter. The 
weight for children age two to twelve 
years old was increased from 80 pounds 
(36 kilograms) to 82 pounds (37 kilo- 
grams) in the summer and 87 pounds 
(39 kilograms) in winter. 
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Stall 


Stall is a sudden loss of lift that 
A= be experienced by an air- 
craft in some circumstances. 
Pilots are trained to understand why a 
stall can happen, how to recognize the 


early signs of a stall, and how to recov- 
er from a stall if one occurs. 


How It Happens 

When a fixed-wing aircraft slows down, 
the speed of the air flowing over its 
wings decreases, and the wings produce 


Angle fate a —— 
(Steady airflow) 

Separation 
ys point 


>= 


Angle of attack 12-15 degree 
(Stall point, Maximum lift) 





©) A stall occurs when a wing's angle of attack 
increases beyond a certain point, and lift is lost. 
The angle at which this happens (the critical 
angle of attack) for most airplane wings is 
between 12 and 15 degrees. At this point, the 
air is unable to flow over the wing's curve. The 
air starts to separate from the wing, decreasing 
lift and increasing drag. 
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less lift. While flying slowly, the pilot 
can increase lift by raising the plane’s 
nose. As the wings tip up, they produce 
more lift and more drag. The angle of tilt 
of a wing is called its angle of attack. If 
the pilot keeps raising a plane’s nose, the 
angle of attack becomes so great that the 
air flowing smoothly over the wings 
suddenly breaks away from them and 
changes into turbulent, swirling flow. 
This angle is called the critical angle of 
attack. When the smooth airflow over 
the wing breaks down, lift is suddenly 
lost, and the aircraft drops downward. If 
one wing stalls before the other, the 
plane may roll into a spin. 

Stall also affects helicopters. When a 
helicopter’s main rotor spins, the blades 
moving in the same direction as the air- 
craft are called the advancing blades, 
and the blades traveling in the opposite 
direction are called the retreating blades. 
Air flows over the advancing blades 
faster than it flows over the retreating 
blades, so the advancing blades experi- 
ence greater lift. If the airflow over the 
retreating blades is slow enough, they 
can stall. The helicopter experiences a 
sudden loss of lift called a retreating 
blade stall, but only on one side. The 
advancing blades still produce lift, so 
the helicopter rolls over to one side. 


Recovering from a Stall 

A pilot can recover from a stall in two 
ways. Pushing the control stick forward 
lowers a plane’s nose, so that it dives 
and picks up speed. Air flows smoothly 
over the wing again, and lift returns. 
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ENGINE STALL 


When a piston engine stops unex- 
pectedly, it Is said to have stalled, 
Out this is completely different from 
the aerodynamic stall that happens 
to wings. If a piston engine in an air- 
craft stalls, the plane does not drop 
like a Stone. It becomes a glider. As it 
glides down, the pilot can look for a 
Suitable landing spot while trying to 
restart the engine. 

Jet "engines cal asUiTei sir Olina 
problem called compressor stall. The 
Spinning compressor blades inside 
the engine work like small wings. 
Just like wings, they can stall. If the 
smooth airflow entering a jet engine 
is disturbed, the compressor blades 
may stall. A common cause of com- 
pressor Stall is a bird strike, when a 
bird Is sucked into an engine. When 
a compressor stall happens, the 
engine makes a loud bang and loses 
thrust, and the aircraft turns toward 
the affected side. 





The pilot then can raise the nose and fly 
Straight and level again. The other way 
to recover from a stall is to increase 
engine power. When a stalled aircraft 
accelerates, it lowers its nose, and 
smooth airflow over its wings is 
restored. The two methods can be used 
together. A stall—as well as the recovery 





O Stalling will often send an airplane into a spin. 


from it—always causes some loss of alti- 
tude, so a stall near the ground can be 
particularly dangerous. 

Large aircraft are equipped with sys- 
tems that sense when a stall is about to 
happen. They warn the pilot by shaking 
the control stick and sounding a warn- 
ing. If the pilot does nothing, the system 
may push the control stick forward to 
automatically lower the plane’s nose. 


SEE ALSO: 
e Control System e Lift and Drag 


e Wing 
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Stealth 


tealth is the ability to move in 

secret. A stealth airplane is 

designed to fly unseen, evading 
detection by enemy radar. Stealth tech- 
nology uses a combination of design 
factors, including materials, engines, 
and shape. A stealth strike aircraft can 
attack its target without warning. It also 
can fly reconnaissance missions without 
being detected. 


Early Research 

The research for stealth airplanes began 
in the 1950s. Air defense radar was 
developed during World War MII 
(1939-1945). By the 1950s, air defenses 
had progressed so rapidly that almost 
any airplane flying over hostile territory 
was likely to be detected by radar. It 
then could be tracked and shot down 
with missiles. This was the era of the 
Cold War, when the United States and 
the Soviet Union were engaged in an 
arms race, during which both countries 
built up weapons supplies and advanced 
their military technology. Both sides 
used espionage, including spyplanes, to 
discover the other’s secrets. 

At first, American strategists hoped 
that a high-flying airplane such as the 
U-2, developed by the Lockheed Corp- 
oration’s Skunk Works design team, 
could evade detection. This theory was 
disproved in 1960 when a U-2 spy plane 
was shot down over the Soviet Union. 
Later, expensive projects—such as the 
XB-70 Valkyrie bomber—were canceled 
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©) After testing was completed, fifty-seven 
F-117s were made for the U.S. Air Force. Military 
planners were delighted with the plane's ability 
to travel undetected and attack targets with 
pinpoint accuracy. 


when it was realized that such airplanes 
left a large “blip” on radar screens, mak- 
ing them easy targets for missiles. By the 
1970s, surface-to-air (SAM) missiles had 
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become so effective that few airplanes 
could escape being targeted once spotted 
on enemy radar. 

Scientists did not give up, however. 
All airplanes, especially metal planes 
with heat-emitting jet engines, leave a 
track, called a signature, on a radar 
screen. The answer to escaping detection 
appeared to lie in finding a way to 
“cloak” the plane, thereby making it 
invisible to radar. Engineers looked for 
ways of reducing an aircraft’s radar sig- 
nature so that it would leave a smaller 
blip or not show up at all. 

Mathematicians came up with a com- 
puter program, called Echo, that was 
able to predict the radar signature left 
by different airplane shapes. Studies 
showed that a body shape made of flat 
panels, or facets, could take almost all 
the radar energy that was hitting it and 
radiate that energy away from the 
ground, making the airplane virtually 
invisible to defense radars. The trick 
was to design an airplane of this 
Shape, somewhat like a flying diamond, 
that could fly fast enough and high 
enough to be effective. 


Developing the F-117 

In 1977, Lockheed began the top-secret 
Have Blue project for the Defense 
Advanced Research Projects Agency 
(DARPA), the central research and devel- 
opment organization of the U.S. Depart- 
ment of Defense. Skunk Works came up 
with a design that looked like a pyramid 
with wings and two tails. It was almost 
invisible to radar when mounted on a 


pole on the ground, but would it fly? 
The plane’s unusual shape made it 
unstable, and it could not have flown 
successfully without the aid of comput- 
er technology. Computerized fly-by-wire 
systems were already in use on planes 
such as the F-16, constantly adjusting 
the flight controls to prevent the plane 
from losing stability and crashing. The 
secret stealth plane, designated the 
F-117, was equipped with such a system. 

The F-117 was test flown in the 
Nevada desert in 1981. It was like no 
other plane. Anything that gave off a 
radar trace was eliminated from the air- 
craft, so antennae and sensors were 
designed to retract into the fuselage. 
The F-117 had no radar system of its 


THE F-117 


The F-117 Nighthawk Is a single-seat 
airplane powered by two General 
Electric turbofan engines. It flies 
at just below the speed of sound 
(Mach 1). Its principal weapons are 
two 2,000-pound (907-kilogram) 


laser-guided bombs, or alr-to-surface 
missiles. The wings and fuselage are 
aerodynamically blended. They are 
made of a conventional material, 
aluminum, but are coated with spe- 
clal radar-absorbent materials. The 
Nighthawk weighs about 52,000 
pounds (about 23,000 kilograms) 
when fully loaded. 
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own to betray its position. The cockpit 
was coated with a reflective material 
that radar beams bounced off in all 
directions. The engine intakes were 
screened, and exhaust gases were cooled 
by heat absorbers so that little trace 
showed on heat sensors. 

Initially, the F-117 was not an easy 
aircraft to fly. Two early prototypes 
crashed, in 1978 and 1980, but the pro- 
Sram continued with two more test air- 
craft. The first F-117A was handed over 
to the U.S. Air Force in 1982 and went 
operational the following year. It was 
still top secret, flying only at night. The 
public became aware of the mystery 
plane, named the Nighthawk, in 1989, 
when it took part in operations against 
Panama. F-117s also flew missions 
against Iraq during the Gulf War in 1991. 


The B-2 Spirit Bomber 

The B-2 Spirit bomber, which first flew 
in 1989 after years of secret develop- 
ment, is much larger and heavier than 
the F-117. It was built by Northrop- 
Grumman, a manufacturer that pio- 
neered flying wing designs in the 1940s. 
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©) The Tacit Blue was a research aircraft built to 
demonstrate that curved surfaces could avoid 
radar. It flew first in 1982 after several years of 
development and was retired in 1985. 


In the 1980s, Northrop-Grumman tested 
a stealth plane, code-named Tacit Blue, 
which has been described as “an upside- 
down bathtub with wings.” The B-2 was 
more elegant, shaped like a flying 
arrowhead. Computer-aided design gave 
the B-2 similar radar-baffling character- 
istics to the F-117. The B-2 carries a 
crew of two and has a range of 6,000 
miles (9,650 kilometers). It relies on its 
Stealthy approach to outwit defenses 
because it is relatively slow, flying at 
around 500 miles per hour (800 kilome- 
ters per hour). The B-2’s uses are very 
specialized, and the plane is expensive 
to produce. Like the F-117, the B-2 has 
been built in small numbers—there are 
only about twenty B-2s in existence. 
Other modern warplanes, such as the 
F-22 Raptor, the F-35 Lightning II 
(Joint Strike Fighter), and the European 
Typhoon have stealth characteristics, 
but their shapes are more conventional 
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than that of the F-117 and the B-2. A 
key element in their design is that no 
feature (such as an engine outlet or 
weapons bay) gives off more than the 
minimum radar reflection. Stealth fea- 
tures must be balanced against other 
elements of the design, such as the high 
speed that is essential for a fighter plane. 


Shortcomings of Stealth 

Stealth airplanes rely almost entirely on 
being nearly invisible to radar. This fact 
brings with it certain limitations that 
can put stealth aircraft at a disadvan- 
tage. First, neither the F-117 nor the B-2 
carries defensive armament, so they 
cannot defend themselves. Second, most 
high-performance jet airplanes rely on 
engine afterburners to boost their speed 
in combat. Afterburning produces high- 
ly visible emissions of exhaust gases, 
however, which make the airplane more 
detectable. Stealth aircraft, therefore, 
lack afterburners and so do not have 
Supersonic performance. This makes 
them vulnerable to faster fighters once 
they are detected. Third, the design of 
Stealth aircraft may protect them from 
enemy missiles that use radar, but it 
offers no protection from other 
weapons. Fourth, the unorthodox shape 
and slow speed of stealth planes make 
them inferior to conventional fighters 
when engaged in aerial dogfights. 

The stealth aircrafts sophistication 
also can be a disadvantage. The elec- 
tronic fly-by-wire system required to 
keep a stealth plane like the F-117 flying 
adds to both the cost and weight of 


the aircraft. Advanced computers on the 
airplane are also a potential risk since 
electromagnetic equipment gives off 
radiation that can be detected by sensors 
on the ground, revealing the presence of 
the plane. All stealth airplanes need 
meticulous maintenance, since the air- 
craft skin must be kept flawless to pre- 
serve its radar anonymity. Even a 
scratch from a pebble thrown up during 
a landing, or weather damage to the 
paint, may increase the radar signature. 





© An F-22A Raptor is refueled in midair. In 
service since 2005, the Raptor is both stealthy 
and supersonic. 


SEE ALSO: 


e Aerodynamics © Aircraft, 


Experimental è Aircraft Design 
e Control System ¢ Radar 
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Supersonic Flight 


upersonic flight is flight faster 
S than the speed of sound. The speed 


of sound in air is about 761 miles 
per hour (1,225 kilometers per hour) at 
sea level. Most planes fly more slowly 
than this, but the fastest can fly at two 
or three times the speed of sound. Many 
missiles fly at two to five times the speed 
of sound. 


Designing Supersonic Aircraft 

As an aircraft approaches the speed of 
sound, the drag it experiences increases 
Sharply. Aircraft designers deal with 


@) An F/A-18F Super Hornet breaks the sound 


barrier during a 2006 U.S. Air Force demonstration. 
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this problem by making supersonic 
aircraft slender, with swept-back wings 
and very powerful engines to overcome 
the extra drag. 

The most powerful engines are noisi- 
er, however, and they burn fuel faster. 
These factors make it difficult to design 
a supersonic airliner, also called a super- 
sonic transport (SST). A slender aircraft 
cannot hold many passengers, and noisy 
engines are unpopular with people who 
live near airports. In addition, faster 
burning of fuel means that an airplane 
cannot fly as far. For these reasons, all 
the supersonic aircraft flying today are 
military aircraft. There have been only 
two supersonic airliners in the past: the 
British/French Concorde and the Soviet 
Tupolev Tu-144. 


The Altitude Factor 

One way to reduce the drag that 
a supersonic plane experiences 
is to fly much higher than other 
aircraft. The thinner air at higher 
altitudes causes less drag. Sub- 
sonic airliners fly at altitudes of 
around 30,000 to 40,000 feet 
(9,100 to 12,1200 meters), while 
the supersonic passenger airplane 
Concorde flew at altitudes of 
50,000 to 60,000 feet (15,250 to 
18,300 meters). 

The atmosphere protects us 
from harmful radiation from 
space. The higher an aircraft flies, 
the more of this atmospheric pro- 
tection it loses. Concorde received 
double the radiation dose of sub- 
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sonic airliners, but it also 
flew more than twice as 
fast, so the exposure to 
radiation was about the 
same. However, storms 
on the Sun (known as 
solar flares) can produce 
a sudden increase in radi- 
ation in the upper atmos- 
phere. One instrument on 
Concorde was a radiation 
meter. If the radiation 
levels were too high, an 
alarm sounded, and the 
airplane was required to 
descend to below 47,000 
feet (14,330 meters), 
where it had more pro- 
tection from the atmos- 
phere above it. 


Altitude, Temperature, 
and Mach Numbers 
The speed of sound in air depends on the 
temperature of the air. Sound travels 
faster through warm air and more slow- 
ly through cold air. The air high above 
the ground is very cold, so the speed of 
sound is lower there than at sea level. 
As an aircraft climbs higher above 
the ground, the air gets colder. At a 
height of about 35,000 feet (about 
10,700 meters), where airliners cruise, 
the air is as cold as -76°F (-60°C). At this 
temperature, sound travels through air 
at about 660 miles per hour (1,060 kilo- 
meters per hour). An airplane flying at, 
for example, 715 miles per hour (1,150 
kilometers per hour) in warm air near 
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THE SPEED OF SOUND IN AIR 
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the ground is subsonic (below the speed 
of sound). The same plane flying at this 
speed at its cruising altitude would be 
Supersonic. To avoid confusion, scien- 
tists invented Mach numbers. 

An aircraft flying at the speed of 
sound flies at Mach 1, whatever its actu- 
al airspeed is. Mach 2 is twice the speed 
of sound, Mach 3 is three times the 
speed of sound, and so on. An aircraft’s 
Mach number is calculated by dividing 
its speed by the speed of sound in the air 
through which it is flying. An airliner 
such as the Boeing 777 flies at about 
Mach 0.84. Fighter planes such as the 
F-16 fly at up to Mach 2. A rare handful 
of manned self-launching aircraft, such 
as the Russian MiG-25R, can fly faster 
than Mach 3. 
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MACH 71 AT DIFFERENT ALTITUDES 


Altitude 


Sea level 


10,000 feet (3,050 meters] 


20,000 feet (6,100 meters) 


( 
( 
30,000 feet (9,100 meters) 
( 
( 
( 


40,000 feet (12,200 meters) 
50,000 feet (15,250 meters) 
60,000 feet (18,300 meters) 


Reaching the Speed of Sound 

During World War HI, fighter pilots 
sometimes found their planes behaving 
oddly in a high-speed dive. The plane 
shook violently, and the controls seemed 
to become locked and ineffective. Some 
pilots were able to regain control. Others 
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Mach 1 
761 mph (1,224 kph 


( 
735 mph (1,183 kph) 
707 mph (1,138 kph) 
678 mph (1,091 kph) 
660 mph (1,062 kph) 
660 mph (1,062 kph) 
660 mph (1,062 kph) 





were not so lucky, and they crashed. 
Some aircraft were shaken so violently 
that they broke up. There were more 
mysterious crashes when early jet planes 
were being tested at high speed. This 
Save rise to the idea of the sound 
barrier—an invisible wall that an aircraft 
had to break through. 

The first plane to fly faster 
than sound in level flight was 
the Bell X-1 experimental 
rocket plane in 1947, with 
Captain Chuck Yeager at the 
controls. He experienced the 
same violent shaking and loss 


G Originally designed for aerial 
combat, the F-100 Super Sabre was 
a supersonic fighter bomber. An 
F-100 is seen here firing rockets 

at a target in the Vietnam jungle 
below in 1967. 
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F-100D SUPER SABRE 


Length: 49 feet (15 meters). 
Wingspan: 39 feet (12 meters). 
Engine: J57 turbojet. 

Takeoff weight: 34,000 pounds 


(15,400 kilograms). 

Top speed: 905 miles per hour 
(1,460 kilometers per hour). 
Range: 1,985 miles 

(3,190 kilometers). 

Service ceiling: 48,000 feet 
(14,630 meters). 


of control as earlier pilots. As the plane 
accelerated beyond the speed of sound, 
however, the shaking faded away and 
flight became smoother again. 

Flying speeds increased rapidly in the 
years after Yeager’s flight. The F-100 
Super Sabre was the first fighter to be 
designed from scratch for supersonic 
flight. It went supersonic during its first 
flight on May 25, 1953, and set a new 
world airspeed record of 755 miles per 
hour (1,215 kilometers per hour) five 
months later. The first Mach 2 flight was 
made in 1953 and the first Mach 3 flight 
was made in 1956. 


Shock Waves and Sonic Boom 

It is easy to tell if a plane is flying faster 
than sound because a supersonic plane 
makes a telltale boom as it flies past. The 
sound of an aircraft travels away from it 
in all directions through the air. Sound 





©) This photograph shows a shock wave that 
formed at Mach 7 in front of a wing's leading 
edge during a NASA temperature test. 


travels faster than a subsonic plane, so a 
plane such as a jumbo jet can be heard 
coming before it passes overhead. A 
supersonic plane flies faster than its own 
sound, so it passes silently overhead 
before its sound arrives. 

Supersonic aircraft compress, or 
squash, the air ahead of them, producing 
a high-pressure wave called a shock 
wave. Several shock waves form on var- 
ious parts of the aircraft. As a plane 
nears the speed of sound, a shock wave 
forms in the middle of each wing. The 
shock wave forms over the wing first 
because the air flowing over the top of 
the wing speeds up. The speed of the 
wing relative to the air is therefore high- 
er than the speed of other parts of the 
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aircraft relative to the air. So even when 
a plane is flying just below the speed of 
sound, the tops of its wings may be 
supersonic relative to the air, and that is 
where the first shock waves appear. 

The biggest shock wave forms on an 
aircraft’s nose. It makes a cone shape, 
with the aircraft’s nose at the cone’s tip. 
This shock wave spreads out into the 
Surrounding air and travels all the way 
down to the ground. As it sweeps across 
the ground, the sudden change in air 
pressure it causes sounds like a boom to 
anyone below the shock wave. 

The intensity of this sonic boom 
depends on an aircraft’s altitude. The 
higher it is, the more time the shock 
wave has to spread out into the sur- 
rounding air, reducing its intensity. A 
supersonic plane flying at an altitude of 
more than 35,000 feet (10,700 meters) 
makes a loud, thunderlike sonic boom. 
The same plane flying at the same speed, 
but at an altitude of less than 10,000 feet 
(3,050 meters), produces a sonic boom 
powerful enough to shatter windows. 
For this reason, Concorde was only 
allowed to fly at supersonic speeds when 
at high altitude and over water. 


Reducing Turbulence 

Shock waves explain why World War II 
pilots lost control of their aircraft in 
high-speed dives. As shock waves devel- 
op over the wing, they disturb the air so 
violently that the smooth flow breaks up 
into a swirling turbulent flow. The air- 
craft’s control surfaces are trapped 
inside this chaotic air. Robbed of the 
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smooth airflow they need, they cease to 
work. The turbulence caused by shock 
waves is the reason for the violent shak- 
ing that World War II pilots experienced. 

Modern supersonic aircraft do not 
suffer from these problems because of 
their shape. Their wings are thinner and 
more swept back, so they cut cleanly 
through the air and delay the formation 
of shock waves. When the aircraft goes 
faster than the speed of sound and the 
shock wave cone forms around it, the 
swept-back shape of the wings means 
that the whole aircraft fits neatly inside 
the shock cone and flies more smoothly. 


High-Speed Friction 

When anything flies through air very 
fast, it heats up due to the increased fric- 
tion with the air. The higher the speed, 
the higher the temperature climbs. 
Concorde cruised at a speed of 1,345 
miles per hour (2,160 kilometers per 
hour), or Mach 2.04. At this speed, its 
body and wings heated up to more than 
195°F (91°C). The tip of its nose reached 
260°F (127°C)—hotter than boiling water. 
Planes designed to fly faster than this 
must be made from materials that can 
withstand such high temperatures. 

The Space Shuttle returns from space 
at a speed of about Mach 25. As it 
descends into the atmosphere, it heats 
up. The hottest parts of the spacecraft 
are the nose and the leading edges of the 
wings, which reach 2,750°F (1,510°C). 
Heat-resistant tiles and other materials 
are vital to protecting the Space 
Shuttle’s aluminum structure. 
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The Future of 

Supersonic Flight 

There are plans to build new supersonic 
passenger aircraft, but most of them are 
for small business jets. Any future 
Supersonic transport will have to fly 
passengers farther, less noisily, and more 
efficiently than earlier aircraft. 

Designers believe that they already 
know how to deal with the problems of 
engine efficiency, engine noise, and 
sonic booms. There are designs for more 
efficient engines that behave like ordi- 
nary, quieter jet engines for takeoff and 
climbing. At high altitude, these engines 
fly supersonically. This type of engine is 
called a variable cycle engine. 

In 2003, an experimental aircraft car- 
ried out test flights called the Shaped 
Sonic Boom Demonstration. Using a 
Northrop F-5E fighter, scientists showed 


©) An artist's concept drawing shows a future super- 
sonic business jet designed by the Aerion Corporation. 
The aircraft will have a low sonic boom to operate 
within new environmental regulations. 


that it is possible to make a sonic boom 
quieter by changing the shape of an air- 
crafts nose. In the Shaped Sonic Boom 
Demonstration the intensity of the sonic 
boom was reduced by about half. 
Researchers are working toward build- 
ing an experimental aircraft incorporat- 
ing every known technique for reducing 
the intensity of sonic booms to see how 
quiet a supersonic aircraft can be. 


SEE ALSO: 
e Bell X-1 è Concorde ©% Future of 


Aviation ® Shock Wave 
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Synthetic Vision 
System 


synthetic vision system (SVS) 
A ese pilots with a clear 

image of the view from their air- 
craft in all weathers, flying conditions, 
and visibility levels. A typical system is 
composed of databases of information 
that create a virtual reality display in the 
cockpit. The systems, still in develop- 
ment, are being created to help pilots fly 
more Safely. 


Developing a Solution 

to Poor Visibility 

A pilot’s mental image of his or her 
plane moving in relation to the ground 
is called situational awareness. If the 
pilot’s mental image is not the same as 
what is actually happening in the real 
world, the pilot has lost situational 
awareness. When an aircraft is near the 
ground, or flying near other air traffic, 
loss of situational awareness can prove 
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to be deadly. It can cause a plane to fly 
into an obstacle or lead to a midair col- 
lision. It can make a fighter pilot delay 
ejecting from an aircraft, which can be 
fatal. If an aircraft flies into an obstacle, 
or water, while under control, this is 
called Controlled Flight into Terrain, or 

CFIT. In general aviation, CFIT is the 

leading cause of accidents. 

Synthetic vision systems are being 
developed to give the pilot a clear view 
of the surrounding ground, no matter 
how bad the visibility is. The research 
and development work is being carried 
out jointly by four NASA establish- 
ments—Langley Research Center, Ames 
Research Center, Dryden Flight Center, 
and Glenn Research Center in partner- 
ship with the FAA (Federal Aviation 
Administration) and the aviation indus- 
try. The research aims to cut fatal acci- 
dents by 80 percent in ten years and by 
90 percent in twenty-five years by mak- 
ing every flight as safe and easy as a 
flight on a clear, sunny day. 

An SVS improves a pilot’s situation- 
al awareness by creating a three- 
dimensional (3D) image of the 
ground below. The image is not 
from a camera—it is generated 
from a computer database stored 
in the aircraft. The database uses 


© Poor visibility is a common factor in 
air accidents. A pilot often cannot see the 
ground clearly because of low cloud, fog, 
rain, or darkness. In such conditions, it is 
possible to fly dangerously close to moun- 
tains or other obstacles. 
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MEASURING 
EARTH'S SHAPE 


The Space Shuttle Radar Topography 
Mission measured the shape of about 
80 percent of Earth's surface. It creat- 
ed an image of the ground below by 
using radar instead of light. Radar was 
used because it can see through 
clouds and make Images at night. Two 
radar images of the same spot on the 
ground were taken every 100 feet (30 
meters). The images were taken from 
Slightly different points using two 
radar antennae. One was inside the 
Space Shuttle’s payload bay. The other 
was at the end of a 195-foot (59- 
meter) mast that extended from one 
side Of the SPee chúnie The difre 
ences between thet wo iade 
allowed the height of the ground to be 
calculated. This process is called inter- 
ferometry. The information allows a 
computer to generate a detailed map 
of Earths surface that shows the 
Shape and height of the ground. 





information that was collected by the 
Space Shuttle during the Space Shuttle 
Radar Topography Mission in 2000. 


Creating Virtual Reality 

The synthetic vision database does not 
just show Earth’s surface shape. It also 
contains details of obstacles such as 
bridges, towers, and pylons. A full-color 
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OA cockpit screen displays a view of the sky and 
ground using a synthetic vision system. 


moving image appears on a flat panel 
display, like a computer screen, in the 
cockpit. The screen display looks like an 
image from a flight simulator computer 
game, but SVS is much more advanced 
than a game. It generates a 3D view of 
the ground in real time. As a plane flies 
along, GPS satellite navigation tells the 
synthetic vision system where it is. The 
image of the ground moves past just like 
the real view from the plane’s window, 
but the SVS image is always bright and 
clear whatever the weather conditions or 
time of day. 

Weather information can be added to 
the image to show nearby storms. The 
screen also can display the correct 
approach path to an airport. This can 
make a difficult approach to an airport 
easier and safer to fly. When a plane is 
on the ground at an airport, the display 
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shows a plan of the airport. When the 
pilot is given permission to taxi, the 
ground controllers directions can be 
sent straight to the plane’s synthetic 
vision system via a radio link. If the 
plane should stray off the taxiway or 
onto a runway by mistake, the system 
automatically sounds a warning in the 
airplane’s cockpit. 


Testing and Using SVS 

In 1999, synthetic vision was tested in 
flight by a modified C-131 military 
aircraft named the Total In-Flight 
Simulator (TIFS). For the tests, TIFS was 
fitted with screens to try a variety of dif- 
ferent images and data. The research 
flights were made out of Asheville 
Regional Airport in North Carolina. 


THE TOTAL IN-FLIGHT SIMULATOR (TIFS) 


The TIFS aircraft is a modified C-131 Samaritan military aircraft, which is itself based on 
a Convair 580 turboprop airliner. It was built in the 1950s and converted to a flying sim- 
ulator in the late 1960s. TIFS has two cockpits. One is used to test new developments. The 
other (standard) cockpit can take over at any point if necessary. This double cockpit is an 
important feature, because it allows a test pilot safely and repeatedly to push a system 
all the way to failure, which is risky to do in a conventional flight test, especially near the 
ground. The research cockpit can be programmed to make the plane fly like other kinds 
of aircraft. In its test flights, it has doubled for a variety of airliners, experimental aircraft, 
the B-2 Spirit stealth bomber, and even the Space Shuttle. As well as simulating other air- 
craft, it also is used to test new avionics systems. In this case, the second cockpit can be 
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replaced by a nose section con- 
taining the new avionics, and 
the research pilot sits at a crew 
Station in the aircraft's cabin. 
Pilots say it is more realistic to 
fly TIFS than a simulator on the 
ground because it sounds, 
feels, and performs like the real 
airplane. The TIFS plane entered 
service aS a military transport 
on March 22, 1955, so it cele- 
brated its fiftieth anniversary 
in 2005. 
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DA pilot testing SVS in 
1999 was able to compare 
the virtual world on his screen 
with a view from the cockpit. 


Research pilots using 
the synthetic vision 
system reported that 
they soon forgot they 
were looking at a 
computer-generated 
image and not at the 
real world. 

System designers 
are already thinking 
about other ways in 
which SVS might be 
used in the future. One 
possible application is 
in air traffic control 
systems at airports. 
Airport traffic con- 
trollers work in a con- 
trol room that looks 
out across the airport, 
but some parts of an 
airport may be 
obscured by buildings 
or bad weather. SVS 
could provide con- 
trollers with a clear, 
computer-generated 
view of the entire air- 
port in all conditions. Although synthet- 





ic vision has been developed for civil SEE ALSO: 

aviation, military forces also are interest- e Air Traffic Control è Avionics 
ed in the systems. Synthetic vision e Cockpit ¢ Global Positioning 
already has been flight tested in military System ¢ Pilot 





airplanes and helicopters. 
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Tail 


n aircraft’s tail helps to keep it 
Av in the air. The tail’s con- 
trol surfaces make the aircraft 
climb, dive, and turn to the left or right. 
An airplane’s tail acts like an arrow’s 
feathers or a firework rocket’s long stick. 
The tail keeps the plane pointing in the 
right direction, nose first. Without a tail 
in place, most airplanes would crash to 
the ground. The Northrop B-2 Spirit 
stealth bomber, for example, has no tail 
and is therefore a very unstable aircraft. 
It only can be flown with the help of a 
powerful flight computer. 


Stabilizers 

A typical airplane tail has a vertical sta- 
bilizer, or fin, that stands up on top of 
the fuselage, and a horizontal stabilizer, 
or tailplane, which sticks out from either 
side of the tail fin. The fin has a moving 
part at the back called the rudder. When 
the rudder is turned to the left, the air 


flowing around it pushes the plane’s 
tail to the right, and the aircraft’s nose 
turns to the left. When the rudder turns 
to the right, the aircraft’s nose turns to 
the right. 

The tailplane has moving parts at the 
back called elevators. The elevators con- 
trol the aircraft’s pitch. When the eleva- 
tors tilt up, air flowing around them 
pushes the aircraft’s tail down and 
brings the nose up. When the elevators 
tilt down, the aircraft’s nose tips down 
as well. 


Tail Shapes 

The tailplane is usually at the bottom of 
the fin, but some aircraft have theirs 
fitted halfway up the fin. This type of 
tail is called a cruciform tail. The word 
“cruciform” means cross-shaped, and a 
cruciform tail forms a cross shape when 
viewed from the front or back. 


€) This diagram shows some of the more common 


tail shapes found in airplanes. 
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TAIL 


The tailplane also can be at the top of 
the fin. This type of tail is called a T-tail 
because the tail fin and tailplane form a 
T shape. Cruciform tails and T-tails are 
common in business jets, which often 
have their engines mounted on each side 
of the tail. Mounting the tailplane 
higher up the tail fin places it out of 
the way of the engines. 

A few aircraft have been built with a 
V-tail. This has two fins at an angle, 
forming a V shape. Each fin has a 
moving part at the back, which is called 
a ruddervator because it works as both 
a rudder and an elevator. The F-117 
Nighthawk attack plane has a V-tail. 
The V-tail causes less drag than other 
designs because it has fewer surfaces, 
but the aircraft’s tail has to be made 
stronger, and its control system is more 
complicated. 


Using the Control Surfaces 

An airliner should fly straight and level 
unless the pilot or autopilot commands 
it to do something different. If its nose is 
too high or too low, the pilot can level 
the plane by tilting its tailplane, which is 
its horizontal stabilizer. If it is tilted up 
at the front, the tailplane produces more 
lift, and the tail rises. If it is tilted down, 
the plane’s tail sinks lower. 

When the Bell X-1 rocket plane made 
its first high-speed flights just below the 
speed of sound in the 1940s, pilots 
found it difficult to control. Shock 
waves forming on the horizontal stabi- 
lizer disturbed the air flowing over it so 
much that the elevators would not work. 


TAILS ON AIRLINERS 


The tail of an airliner is more than 
Just an empty shell holding the ver- 
tical and horizontal stabilizers. It 
contains a small engine, usually a 
turbine engine, which ts called the 
Auxiliary Power Unit, or APU. This 
Supplies electrical power, hydraulic 
power, and air-conditioning when 
the aircraft is on the ground and its 
main engines are not running. Some 
aircraft have APUs that supply 
power tn the air. 

Very large airplanes need an 
extra-large tall. The tailplane on the 
huge Boeing 747-400 has enough 
Space Inside to store 3,300 gallons 


(about 12,500 liters) of fuel, which 
enables the plane to fly an addition- 
al 400 miles (650 kilometers). 


©) The Boeing 747-400's tail fin is 
nearly 64 feet (19.5 meters) high, or 
as tall as a six-story building. 
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TAIL 


To solve the problem, Bell made the 
whole stabilizer move, not just the 
elevator. Supersonic aircraft today still 
have this type of all-moving or all- 
flying tailplane, which is known as 
a stabilator. 


Helicopters 
A helicopters tail has no rudder or 
elevators. Its main rotor controls alti- 
tude, so elevators are not needed. Its tail 
rotor controls yaw, so a rudder is not 
needed either. The sideways thrust of the 
tail rotor stops the helicopter from spin- 
ning in the opposite direction to the 
main rotor. Increasing or decreasing the 
tail rotor thrust makes the helicopter 
turn, or yaw. 

Not all helicopters have a tail rotor. A 
NOTAR (short for NO TAil Rotor) heli- 
copter has a jet thruster at the end of its 
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tail boom. It blows air out of a slot in the 
side of the boom. Some helicopters do 
not have a tail at all. These helicopters 
have two main rotors instead of one, 
and the two rotors spin in opposite 
directions. The turning forces they apply 
to the helicopter are equal and opposite. 
No overall turning force, or torque, is 
applied to the helicopter, and so no tail 
rotor or thruster is needed. 


Tails in Space 

The Space Shuttle’s tail is a complicated 
structure that contains a total of thirty- 
three rocket engines and thrusters. There 
are three main engines that are used 
only during launch. Two smaller Orbital 
Maneuvering System (OMS) engines 
boost the spacecraft into orbit, change 
its orbit, and slow the spacecraft down 
to begin its return to Earth. In addition, 
there are twenty-four pri- 
mary thrusters and four 
smaller thrusters, called 
vernier thrusters, for 
small changes in speed 
and attitude control. 

The Space Shuttle’s 
tail fin, or vertical stabi- 
lizer, stands more than 
26 feet (8 meters) high. 
Its rudder is unique. 


Œ NOTAR helicopters, with 
no tail rotor, offer reduced 
noise and vibration. They are 
also safer to fly in tight 
situations where a tail rotor 
might meet an obstruction. 
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JACKKNIFE TAIL 


The first privately operated space plane, SoaceShipOne, has an unusual tail. When the 
space plane reaches the highest point in its flignht—about 70 miles (110 kilometers)— 
its twin tail booms swivel up so that they stick straight up from the small wings. This 
jackknifed position enables it to reenter the atmosphere safely. The reentry Is ballis- 
tic, which means SpaceShipOne falls back into the atmosphere under the action of 
gravity alone, like a rock falling to Earth. No engine power Is used. The jackknifed 
Shape causes a lot of drag, which slows the craft down. At an altitude of 
50,000-60,000 feet (15,250-18,300 meters), the pilot swivels the tail booms down 
again, and the craft glides down to land on a runway. 


It works not only as a rudder but also as 
a speed brake. When it swivels to the left 
or right, it works as a rudder. To work as 
a speed brake, it splits in two and opens 
like a book. Half of it swivels to the left, 
and the other half swivels to the right. 


SEE ALSO: 


Aileron and Rudder e Control 
System © Pitch, Roll, and Yaw 
Stability and Control 


A Space 
Shuttle glides 
onto the 
runway at 
the end of a 
mission. This 
rear view of 
the space- 
craft shows 
its huge tail 
fin and the 
three main 
engines 


OTTATI 


below. 
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akeoff and landing are the maneu- 

vers that aircraft or spacecraft per- 

form to launch into flight and 
then return to the ground. They are 
potentially the most hazardous part of a 
journey in the air or in space. 


Whether an airplane is a small, single- 
engine light aircraft or the biggest air- 
liner, the process of taking off is much 
the same. The crew goes through a 
checklist to ensure that all switches and 
other controls are in the right positions 
for takeoff. Flaps and leading-edge slats 
are deployed to produce more lift for 
takeoff. The aircraft taxis out to the end 


of the runway. When it is cleared for 
takeoff, the engine power levers are 
pushed forward, the brakes are released, 
and the takeoff run begins. 

A typical takeoff speed for a small 
plane is about 65 miles per hour (105 
kilometers per hour). A large airliner 
takes off at about 140-190 miles per 
hour (225-305 kilometers per hour). The 
actual speed depends on the aircraft 
type, its weight, and the weather condi- 
tions. As an airliner accelerates along a 
runway, it reaches a speed called V1. 
Beyond this point, there is not enough 
runway left for the plane to stop safely, 


A system of approach lights, radio signals, and 
communication from air traffic controllers guides 
airplanes safely to the ground. 
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TAKEOFF AND LANDING 


so it must take off. The aircraft then 
reaches VR—the speed at which the pilot 
raises the plane’s nose and takes off. The 
plane lifts off and continues to acceler- 
ate. The next significant speed is V2, the 
minimum speed the plane must reach to 
climb away from the ground safely. The 
normal climb-out speed is a little higher 
than V2. 

Gliders have no power of their own 
to get off the ground, so they are usual- 
ly towed into the air. One end of a cable 
is attached to the glider’s nose. The other 
end is attached to an airplane, and the 
Slider is towed until its wings generate 
enough lift to fly. The pilot drops the 
cable by pulling a lever in the cockpit, 
and the glider soars away. 


Landing on a Runway 
A pilot lands an airplane by first reduc- 
ing power so that the plane begins to 
slow down and lose altitude. Closer to 
the runway, the engines are throttled 
back to reduce the airspeed even more. 
To make up for the loss of lift, the 
plane’s nose is raised to increase the 
angle of attack of the wings. The flaps 
and slats used for takeoff are deployed 
again, and the landing gear is lowered. 
Lights and radio beacons on the 
ground show the way to the runway. The 
plane also receives two radio signals 
from the runway: one is the localizer 
and the other is the glide slope. The 
localizer is transmitted along the run- 
way. It tells the crew whether the plane 
is flying to the left or right of the run- 
way or is flying down the centerline. The 


glide slope shows whether the plane is 
descending at the correct rate. Just after 
touchdown, spoilers spring up from the 
wings to reduce lift and keep the plane 
on the ground. Jet planes often use 
reverse thrust to help them slow down. 


Helicopters 

Helicopters do not need runways to land 
and take off. Like rockets and airships, 
they are capable of vertical takeoff and 
landing. This gives helicopters the abili- 
ty to land in and take off from small 
spaces or remote locations where there 
are no airports. 

Helicopters and VTOL aircraft (verti- 
cal takeoff and landing aircraft other 
than helicopters) take off vertically by 
directing their engine power downward 
to thrust them upward. The helicopter 
pilot uses the collective pitch lever and 
the engine throttle to get the aircraft 
off the ground. The collective pitch 
control tilts the rotor blades, increasing 
their angle of attack and producing 
more lift. The throttle increases the 
engine speed, which makes the rotor 
spin faster. To land, these controls are 
used to reduce lift. 


Airships 

An airship is balanced so that it is neu- 
trally buoyant on the ground. Its weight 
is balanced by the lift produced by the 
lighter-than-air gas inside it. When it is 
ready for takeoff, an airship’s propellers 
and the elevators in its tail swivel up to 
drive the airship upward. Modern air- 
ships are filled with helium, and they 
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TAKEOFF AND LANDING 


AIRCRAFT CARRIERS 


Helicopters and VTOL aircraft are ideal for takeoff 
and landing on aircraft carriers, where runways 
are short. Similar aircraft called V/STOL 
(vertical/short takeoff and landing) or STOVL 
(short takeoff and vertical landing) also work well 
on aircraft carriers. Even fixed-wing aircraft can 
use aircraft carriers to launch and land. They are 
catapulted from an aircraft carrier to get them 
up to flying speed before they run out of deck. 
A catapult built into the deck can hurl a 48,000- 
pound (21,800-kilogram) aircraft from zero to 
165 miles per hour (265 kilometers per hour) in a 
mere 2 seconds. 


Landing a fixed-wing plane on an aircraft car- 
rier iS similar to a controlled crash. The plane hits 
the ship's deck with a hook trailing from Its tail. 


The tailhook catches on one of several cables 
stretched across the deck to act as a brake and 
Stops the plane. These cables can stop a plane 
that is traveling at 150 miles per hour (240 kilo- 
meters per hour) in about 320 feet (98 meters). 


©) A Sea Stallion helicopter takes off from the deck of 
the aircraft carrier USS Theodore Roosevelt. 
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also have air-filled bags called 
ballonets inside them. As an 
airship climbs, the outside air 
pressure falls, and the gas inside 
the airship expands. Valves pop 
open and let air escape from the 
ballonets so the helium can 
expand safely. 

To land, the propellers and 
elevators tilt down to drive the 
airship down. The outside air 
pressure rises and compresses 
the gas inside the airship. The 
airship’s engines force extra 
air into the ballonets to keep 
the airship fully inflated as 
it descends. 


Rockets and Spacecraft 
Launching a large rocket or 
Space Shuttle is a complicated 
process. It may take several 
weeks or months to prepare the 
vehicle for liftoff. The final 
countdown begins one to two 
days before the actual launch. 
Then, many events have to take 
place at the right time and in the 
correct order. Holds, or pauses, 
in the schedule are included in 
the countdown so that minor 
problems can be handled with- 
out delaying the launch itself. 
The last few minutes of a count- 
down usually are controlled by 
computer. Finally, the engines 
fire and produce powerful jets of 
gas that thrust the vehicle 
upward into the air. 
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TAKEOFF AND LANDING 


Some rockets are 
programmed to make 
Splash landings in 
the ocean so that 
they can be ret- 
rieved. Others are 
designed to burn up 
in the atmosphere 
after they have com- 
pleted their task of 
launching a space- 
craft of some kind. 

All of the space- 
craft that carry astro- 
nauts and some 
unmanned space vehicles are carefully 
designed to make safe, controlled land- 
ings. The Space Shuttle is the only 
manned spacecraft that lands on a run- 
way. Other spacecraft have to slow their 
descent by other methods. 

If a spacecraft descends through an 
atmosphere, whether on Mars or Earth, it 
can use the air resistance in the atmos- 
phere to reduce its speed. As the space- 
craft descends, it experiences drag, 
which slows it down. Then it can use 
parachutes to slow down even more. 

When landing on solid ground, a 
spacecraft may fire rockets downward as 
a final brake just before touchdown. The 
manned Russian Soyuz capsules and 
Chinese Shenzhou capsules land on 
Earth in this way. In the 1960s and 
1970s, the Mercury, Gemini, and Apollo 
missions also used space capsules to 
bring their astronauts back to Earth. The 
capsules had only parachutes to slow 
them down, and they landed in water. 





©) The first successful Mars rover, Sojourner, 
landed on Mars in 1997. This photograph shows 
the airbags that cushioned its landing on the 
surface of the planet. 


Where there is no atmosphere, on the 
Moon for example, rockets are used to 
control the craft’s speed throughout the 
entire descent. The Apollo mission’s 
lunar landers used this method to land 
on the Moon. Another landing method 
was devised for the Mars mission. Just 
before the Spirit and Opportunity rovers 
landed on Mars, airbags inflated around 
them. They hit the surface, bounced and 
when they came to a halt, the bags 
deflated, the landers opened, and the 
rovers drove away. 


SEE ALSO: 


e Aircraft Carrier ° Engine è Landing 


Gear ® VTOL, V/STOL, and STOVL 
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Thrust 


hrust is the force that propels air- 
T craft and spacecraft. Propellers, jet 
engines, and rockets all produce 
thrust. Thrust is one of the four forces 
that act on a powered aircraft. The other 
three are drag, lift, and weight. Thrust is 
opposed by drag, so it must overcome 
drag if an aircraft is to accelerate. 
Thrust is most often generated by 
speeding up a gas. According to 
Newton’s third law of motion, accelerat- 
ing gas in one direction produces a reac- 
tion force in the opposite direction. The 
reaction force is thrust. The thrust pro- 
duced by a jet engine depends on the 
amount of gas accelerated and the 
increase in its speed. The more gas the 
engine accelerates, and the greater its 
acceleration, the greater the thrust. 
Thrust, as a force, 
is measured in the 
same units as other 
forces: either pounds- 
force or newtons. A 
thrust of one pound 
is the same size of 
force as the down- 
ward force of the 
weight of one pound. 
Imagine that you 
have a bag contain- 
ing a pound of sand 


= Trent engines provide 
the thrust needed for the 
world's largest airliner, the 
Airbus 380. 
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sitting on your hand. The downward 
force on your hand from the pound of 
sand is the same as a pound of thrust 
produced by a jet or rocket engine. 

The most powerful jet engines fitted 
to an airliner are the General Electric 
GE90-115B engines that power the long- 
range Boeing 777-300ER. They regular- 
ly generate 115,300 pounds (510 kilo- 
newtons) of thrust, although they have 
produced as much as 127,900 pounds 
(570 kilonewtons) in tests. 

When a propeller spins, its winglike 
blades produce lift, but instead of acting 
upward, the propeller acts forward. This 
forward-acting force is thrust. A spin- 
ning propeller lowers the air pressure in 
front of it and raises the air pressure 
behind it. The amount of thrust it 
produces depends on the size of the 
propeller and the pressure difference 
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THRUST 


it creates. The bigger the propeller and 
the bigger the pressure difference, the 
greater the thrust. 

At takeoff, a rocket must generate 
enough thrust to overcome its weight 
and drag, both of which act downward. 
A rocket’s thrust depends on the speed 
of the jet of gas it produces and the 
rate at which mass is expelled from the 
rocket. The faster a rocket’s exhaust jet 
is, and the faster it burns its propellants, 
the more thrust it produces. 

When the Space Shuttle lifts off, its 
three main engines burn propellants at 
the rate of 3,250 pounds (1,480 kilo- 
rams) per second and produce a total 
thrust of 1.2 million pounds (5,340 kilo- 
newtons). Their power is dwarfed by the 
two solid rocket boosters, which provide 
another 5.6 million pounds (25,100 kilo 
newtons) of thrust. 

If an aircraft has a single engine, its 
thrust is directed along the vehicle’s 
centerline so that it flies straight. If it 
has more than one engine, they are 
arranged so that their thrust is 
balanced, or symmetrical. Unbalanced, 
or asymmetrical, thrust in a multiengine 
aircraft will make it yaw to one side. 

Thrust may be made asymmetric pur- 
posely to help steer a vehicle. If an 
engine or just its exhaust nozzle is 
swiveled, its thrust is deflected, and the 
vehicle changes direction. This is called 
thrust vectoring. Rockets, airships, and 


= The upward thrust that launches this Delta 
rocket is a reaction force produced by the down- 
ward jet of its exhaust gas. 


some fighter planes use thrust vectoring. 

Thrust also can be used as a brake to 
slow down a vehicle. When an airliner 
lands, a sudden roaring noise indicates 
that the crew has selected reverse thrust. 
The engine thrust is directed forward, 
and the aircraft slows down. Rockets 
also use reverse thrust for braking. 
Thrust in the opposite direction to the 
direction the rocket is flying makes it 
slow down. 


SEE ALSO: 
e Engine ¢ Force ¢ Laws of Motion 
e Lift and Drag ° Weight and Mass 
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Velocity 


elocity is speed in a particular 
\ / direction. Velocity changes when 
speed or direction, or both, are 
altered. An airplane flying north at 500 
miles per hour (805 kilometers per hour) 
has a speed of 500 miles per hour (805 
kilometers per hour) and a velocity of 
500 miles per hour (805 kilometers per 
hour) north. If two airplanes are flying 
in the same direction at the same speed, 
they have the same velocity. If the two 
planes are flying at the same speed but 
in different directions, they have differ- 
ent velocities. 





Velocity and Change 

The direction of velocity need not be 
a straight line. An object moving in 
a circle—such as an airplane turning or 
a spacecraft orbiting Earth—is said to 
have angular velocity. Anything that 
moves with a steady, unchanging veloc- 
ity is described as having a uniform 
velocity. According to Newton’s first law 
of motion, an object stays at rest or 
moves at a uniform velocity unless a 
force acts upon it. 

When a spacecraft fires a rocket to go 
faster or change its orbit, its change in 
velocity is called delta-v. The Greek let- 
ter delta is often used by mathema- 
ticilans and physicists to mean a change 
in something. In this case, it is the 
velocity (v) that changes. 

Velocity also can be defined as the 
rate of change in displacement. Distance 
is the length of the path taken by a 
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vehicle. Distance is a number, so it is a 
scalar quantity. Displacement is the 
length of the straight line between the 
Start point and end point of a vehicle’s 
journey. It is distance in a certain direc- 
tion, so it is a vector quantity. (A vector 
is something that has magnitude 
and direction.) 


HYPERVELOCITY 


An extremely high velocity, higher 
than about 6,700 miles per hour 
(about 11,000 kilometers per hour), is 
known as hypervelocity. Spacecraft 
returning to Earth enter the atmo- 
Sphere at hypervelocity. According to 
Einstein's theory of relativity, the 
highest velocity possible in the 
universe Is the velocity of light. Light 
travels through space at a speed of 
186,000 miles (about 300,000 kilo- 


meters) per second. 


©) Meteoroids (small space rocks) enter 
Earth's atmosphere at hypervelocity and 
become meteors (shooting stars). 
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VELOCITY 


An airplane 
that takes off and 
flies 200 miles 
(320 kilometers) 
in a circle, landing 
back on the same 
runway where its 
journey began, 
travels a distance 
of 200 miles (320 
kilometers), but 
its change in dis- 
placement is zero. 
Its average speed 
is the distance 
traveled divided 
by the flight time, or 200 miles per hour 
(320 kilometers per hour). Its average 
velocity is its change in displacement 
divided by the flight time. As the 
plane’s change in displacement is zero, 
its average velocity for the whole flight 
is also zero. 


Terminal Velocity 
When something falls through the air 
toward the ground, the force of gravity 
makes it accelerate. As it accelerates, the 
drag (air resistance) it experiences 
increases. If it falls for long enough, its 
weight is exactly balanced by drag, and 
it stops accelerating. This velocity is 
called its terminal velocity. 

A large but very light object, such as 
a feather, reaches its terminal velocity 
very quickly. A heavier object of the 
Same size has a higher terminal velocity, 
because a higher speed is needed to cre- 
ate enough drag to balance its weight. 





OVA skydiver's terminal velocity depends on body 
position in freefall. Extending out arms and legs 
decreases the terminal velocity, whereas pulling in 
arms and legs increases it. 


In the usual skydiving position— 
falling with arms and legs held out—a 
skydiver’s terminal velocity is about 120 
miles per hour (195 kilometers per hour). 
With arms and legs pulled in, however, 
there is less drag, and the skydiver 
accelerates. Terminal velocity increases 
to about 200 miles per hour (320 kilo- 
meters per hour) before weight and drag 
are once again balanced. 


SEE ALSO: 


e Gravity ° Laws of Motion 


e Relativity, Theory of e Skydiving 
e Speed 
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VTOL, V/STOL, 
and STOVL 


he capability of a fixed-wing air- 
T craft to take off and land vertical- 

ly is known as vertical takeoff and 
landing, or VTOL. Some aircraft have the 
ability to take off and land on a very 
short runway—these are V/STOL aircraft. 
V/STOL stands for vertical or short 
takeoff and landing. Still others are 
STOVL aircraft—they are capable of a 
Short takeoff and vertical landing. The 
terms are used to describe a small group 
of fixed-wing aircraft. They do not 
include helicopters, airships, or rockets, 
all of which also have the ability of 
vertical takeoff. 


€) An Osprey on the flight deck of the assault 
ship USS Wasp is prepared for launch while 


another approaches for landing. The Osprey 
is a V/STOL aircraft. 
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Propeller Planes 
Fixed-wing aircraft normally need a 
long takeoff run to get airborne. They 
cannot take off until their wings are 
moving through the air fast enough to 
create enough lift to overcome the 
plane’s weight. If a fixed-wing aircraft is 
to take off vertically, it needs to direct its 
engine power downward with enough 
force to overcome its weight. 

Propeller planes can do this by tilting 
their engines and propellers so they 
work like helicopter rotors. The V-22 
Osprey, a V/STOL aircraft, swivels its 
propeller engines up for takeoff and 
landing and angles them forward for 
regular flight. Its propellers work like 
helicopter rotors for vertical flight and 
like propellers for forward flight, so they 
are called prop-rotors. They are made 
bigger and stronger than normal pro- 
pellers because they must support the 
entire weight of the aircraft for takeoff 
and landing. Aircraft such 
as the V-22 Osprey are 
called tilt-rotors. 


Jet Planes 

Some jet planes are able 
to take off and land verti- 
cally by swiveling their 
engine nozzles downward. 
This is called vectored 
thrust. Fighter planes 
increasingly use vectored 
thrust for steering. VTOL 
aircraft use it to generate 
lift. The Harrier Jump Jet 
uses this method. 
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VTOL, V/STOL, AND STOVL 





© A Harrier Jump Jet uses vectored thrust to 


generate lift and take off. 


The jet of gas from the Harrier’s 
engine comes out through four nozzles 
instead of just one. There are two noz- 
Zles at the front of the aircraft and two 
more at the back. The pilot can rotate all 
of the nozzles together by moving one 
control in the cockpit. The nozzles are 
pointed downward for vertical takeoff, 
landing, and hovering, and turned back- 
ward for normal forward flight. They 
even can swivel forward a little, so the 
Harrier can fly backward. 

When a jet plane is taking off verti- 
cally, hovering, or flying slowly, air does 
not flow around it fast enough for its 
control surfaces (the rudder, elevators, 
and ailerons) to work. The plane has to 
control its attitude, or position in rela- 
tion to the horizon, in a different way. A 
small amount of air from the engine is 
piped to small nozzles in the aircraft’s 
nose, tail, and wingtips. Blowing air out 
of these nozzles can turn the aircraft 
about all three axes—up and down, 
rolling side to side, and turning to the 
left or to the right. 


VERTICAL TAKEOFF 
IN BIRDS AND INSECTS 


[he Masterseor vertical flight are tie 
common housefly and the humming- 
bird. Both of them have remarkable 
flight control and are able to take off 
vertically and hover motionless in 
the air. 

Most insects have two pairs of 
wings, but the housefly has only one 
pair—its hind wings have withered 
away to form two little stumps called 
halteres. The housefly flaps its wings 
about 200 times every second. Instead 
of flapping up and down, they make 
a figure-eight shape in the air. This 
directs alr downward for takeoff. As the 
insect Hies tme nalteresniora temin ime 
fly changes direction, the halteres: 
vibration is disturbed, instantly giving 
the fly information about how It Is 
moving. This helps the fly to control its 
flight with great precision. 

Hummingbirds are the helicopters 
of the natural world. Most birds’ wings 
generate all of their lift on the down- 
Stroke, but a hummingbirds wings gen- 
erate lift on the upstroke, too. The bird's 
body Is tipped up so that its wings beat 
back and forth parallel to the ground. 
About three-fourths of the lift comes 
from the forward downstroke and the 
rest from the backward upstroke. To 
generate enough lift, the wings flap at 
up to eighty times a second. 
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©) The Convair XFY-1 Pogo was a tail-sitter, a 
type of VIOL developed in the 1950s. At touch- 
down, the landing gear compressed several feet, 


like a pogo stick, to cushion the landing. The Pogo 
made successful flights, but the program for its 
development ended in 1955. 


The History of VTOL 

Early designs for vertical takeoff air- 
planes in the 1940s and 1950s tried a 
type of aircraft called a tail-sitter. The 
plane sat on the ground on its tail, with 
its nose pointing straight up in the air. 
It looked like a rocket with wings. Its 
propellers lifted it up off the ground. 
Once the plane was airborne, it slowly 
tipped over and started to move forward. 
As it accelerated, its wings generated 
more and more lift until it was flying 
normally. The Lockheed XFV-1 and 
Convair XFY-1 Pogo were tail-sitters. 
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These planes were very difficult to land 
because the pilot was facing away from 
the ground. The tail-sitter design was 
eventually abandoned. 

In the early 1950s, the British compa- 
ny Rolls-Royce produced two experi- 
mental, jet-powered, vertical takeoff air- 
craft called Thrust Measuring Rigs. They 
were made from a skeleton-like frame 
with two Rolls-Royce Nene jet engines. 
These aircraft were so successful that 
Rolls-Royce went on to develop a new 
jet engine, the RB108, specially for ver- 
tical takeoff aircraft. 

Some experimental VTOL aircraft 
built in the 1950s and 1960s tilted their 
wings with the engines attached. These 
aircraft, including the Canadair CL-84, 
LTV-Hiller-Ryan XC-142, and also the 
Hiller X-18, are called tilt wings. The 
Vertol 76 VZ-2 also was a tilt wing but 
its engine was mounted in the center of 
the fuselage, and it drove two propellers 
on the wings. This layout meant that the 
wings and propellers could be tilted 
without having to tilt the heavy engine 
as well. 

Other researchers, meanwhile, were 
experimenting with the use of separate 
engines for lift and forward thrust. The 
Short Brothers aircraft company in 
Belfast, Northern Ireland, carried out 
pioneering research in vertical takeoff in 
the 1950s. Their Short SC.1 was the first 
successful British fixed-wing VTOL air- 
craft. Looking a little like a housefly, it 
was powered by four Rolls-Royce RB108 
jet engines for lift and a fifth RB108 
engine for forward thrust. 
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About the time the early tail-sitting 
airplanes were being discontinued, the 
British Hawker company developed a 
flying test bed for new technologies. It 
was a vertical takeoff jet plane called the 
P1127. It was never meant to be an oper- 
ational aircraft, but it was developed 
into the most successful vertical takeoff 
aircraft of all: the Harrier. 


Naval Service 

The main advantage of a VTOL aircraft 
is that it does not need a runway, and so 
it can operate from any small patch of 
ground, from a road, or even a ship’s 
deck. One version of the Harrier, the Sea 
Harrier, was developed for naval use. It 
could operate from the smallest aircraft 
carriers. The decks of these ships are too 
short for most naval jets that require 
runways, but they are big enough for 
helicopters and VTOL aircraft. 


A Sea Harrier with full fuel tanks and 
a large weapons load is too heavy to 
take off vertically, and the deck of a 
small aircraft carrier is too short to use a 
normal takeoff run. So small carriers are 
fitted with a ramp at the end of the deck, 
also known as a ski jump. As an aircraft 
accelerates toward the end of the deck, 
the ski jump gives it an extra push 
upward into the air. 

A Sea Harrier pilot has to calculate 
the aircrafts takeoff speed very careful- 
ly by using its weight and the current 
wind speed. If takeoff is too slow, the 
plane might not get airborne. If it is too 
fast, the Sea Harrier might hit the ski 
jump too hard and damage its undercar- 
riage. The Sea Harrier uses a short take- 
off and vertical landing, making it a 
STOVL aircraft. It was the first opera- 
tional STOVL combat aircraft to use 
vectored thrust. 


€) A Sea Harrier heads for the ski jump during its takeoff from an aircraft carrier. 
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FLYING BEDSTEADS 


When NASA was preparing to send 
astronauts to the Moon in the 
1960s, they developed a strange- 
looking aircraft to prepare astro- 
nauts for the task of landing on 
the lunar surface. The lunar lander, 
called the Apollo Lunar Excursion 
Module (LEM), would descend to the 
Moon balanced on the fiery jet of 
gas from a rocket engine. The first 
training vehicle for this event 
balanced on the jet exhaust from 
a jet engine Instead of a rocket. 
Called the Lunar Landing Research 
Vehicle, it led to the development 


of three Lunar Landing Training 


Vehicles. Astronauts called them 
‘flying bedsteads’ because of their 
Strange appearance. 


©) The Lunar Landing Research Vehicle 
hovers above ground in 1967. 





When the U.S. Marines were looking 
for a light attack plane, they developed 
the Harrier to suit their needs. Their 
work resulted in a new Harrier, the AV- 
8B Harrier II. It had bigger, thicker wings 
and was able to carry a bigger payload 
over a greater distance. 


Lift Engines 

Another method for achieving vertical 
flight uses separate engines for lift and 
for forward flight. The lift engines are 
used to get airborne, and then separate 
forward thrust engines propel the plane 
normally. Once the plane is flying 
forward and the wings are generating 
lift, the lift engines are shut down. The 
disadvantage of this design is that the 
aircraft has to carry the dead weight 
of the lift engines, which reduces its 
performance. 

One example of this type of aircraft is 
the Russian Yakovlev Yak-38 Forger. It 
has three jet engines. Two lift engines 
behind the pilot blow air straight down. 
The main engine provides thrust from 
two nozzles behind the wing. These 
nozzles can rotate to direct the jet 
exhaust downward to provide extra lift. 
The Yak-38 serves on Russia’s Kiev class 
aircraft carriers. 


A New STOVL 

The Harrier is coming to the end of its 

life. It will be replaced by a STOVL ver- 

sion of the new U.S. fighter plane, the 

F-35 Lightning II, or Joint Strike Fighter. 
The STOVL F-35, called the F-35B, 

works differently from the Harrier. 
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The designers of the F-35B faced the 
problem of producing a supersonic 
fighter and attack plane that also could 
manage vertical flight. A jet engine big 
enough and powerful enough to provide 
all the lift needed for short takeoff 
would make the plane too broad and 
heavy for supersonic flight. A different 
method had to be found to produce more 
lift from a smaller engine suitable for 
supersonic flight. The new aircraft 
achieves vertical flight by using both 
vectored thrust and extra vertical thrust 
from a lift fan. 

When the pilot wants to perform 
short takeoff or vertical landing, the 
engine nozzle in the aircrafts tail 
swivels downward. In addition, doors on 
the top and bottom of the plane open, 


©) The F-35B is a STOVL version of the super- 
sonic F-35 Lightning Il, also known as the Joint 
Strike Fighter. The F-35B will replace the Harrier. 


and a spinning fan behind the pilot 
blows air downward to provide extra 
lift. The fan is powered by a shaft that 
comes out of the front of the jet engine. 
When the fan is not needed, it is discon- 
nected from the engine and powered 
down. The F-35B will be the world’s first 
operational supersonic STOVL aircraft. 


SEE ALSO: 
e Aircraft, Military è Autogiro 


e Helicopter e Lift and Drag 
e Propeller ¢ Takeoff and Landing 
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Weight and Mass 


n everyday speech, the words weight 
l and mass are used to mean the same 

thing. To scientists and engineers, 
however, they have different meanings. 
Mass is the amount of matter an object 
is made of. Its weight is the downward 
force acting on it due to gravity. Mass 
is a number, but weight is a force. 
Mass is constant, but weight depends 
on the strength of gravity acting on 
the mass. 

The weight and mass of an object are 
linked in the following equation: 

weight = mass x g 

in which g is the acceleration the object 
would experience if it fell. At Earth’s 


@) An astronaut weighing 132 pounds (60 
kilograms) on Earth weighs only 22 pounds 
(10 kilograms) on the Moon. The astronaut's 


mass, however, remains the same. 
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surface, this is 32 feet per second per sec- 
ond (9.75 meters per second per second). 

For most of human history, an 
object’s weight meant its weight on 
Earth’s surface. As gravity is more or 
less the same everywhere on Earth, it did 
not matter if weight and mass were 
mixed up. It matters today, because 
spacecraft can be sent into Earth orbit 
and away to the Moon and planets, 
where the force of gravity acting on 
them may be quite different from the 
strength of Earth’s gravity. 


Mass 
If an object is given a push, it acceler- 
ates. The size of acceleration depends on 
the mass of the object. If a small mass 
and a large mass are pushed by the same 
force, the small mass accelerates faster. 
This is because the large mass offers 
more resistance to the force than the 
small mass. 
The tendency of a mass to resist 
a change in its motion is called 
inertia. The bigger the mass, the 
greater the inertia. This is impor- 
tant when calculating how aircraft 
and spacecraft will accelerate 
when their engines produce a cer- 
tain amount of thrust. 


Weight 

If an object with a mass of 132 
pounds (60 kilograms) is weighed, 
the scales show a weight of 132 
pounds (60 kilograms). If the same 
object is taken to the Moon 
and weighed there, it weighs only 
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~ Gravity is weaker 
on the Moon than 
on Earth because 
the Moon is smaller 
and has less mass. 
Astronauts on Apollo 
missions set up 
scientific experiments 
on the Moon to 

find out about its 
force of gravity and 
other aspects of 

its environment. 


22 pounds (10 kilograms), because the 
Moon’s gravity is only one-sixth the 
strength of Earth’s gravity. However, the 
object’s mass has not changed. It is still 
132 pounds (60 kilograms). 

The pound mass and the pound of 
weight, or pound-force, are therefore 
different. The pound mass never 
changes, but the weight of the pound 
mass depends on the strength of gravity 
acting upon it. In the metric system, the 
unit of mass is the kilogram, and the 
unit of force is the newton. Gravity acts 
on a mass of 1 kilogram with a force of 
9.8 newtons. So, a 1-kilogram mass 
actually weighs 9.8 newtons. It is impor- 
tant to know the weight of an aircraft or 
rocket because it shows how much lift it 
must generate to take off. 


SEE ALSO: 


e Force è% Gravity ° Laws of Motion 








WEIGHTLESSNESS 


The strength of Earth's gravity weak- 
Ens With distamee e farther that 
Something IsmmomM the center of 
Earth, the weaker the force of gravi- 
ty It experiences, and so It weighs 
less. This means that airline passen- 
gers and astronauts in space weigh 
less the higher they go. 

This does not explain why astro- 
nauts are able to float about In 
Space. Astronauts are weightless not 
because the force of gravity has fall- 
en to zero where they are. In fact, the 
force of gravity acting on astronauts 
in Earth orbit Is just a fraction less 
than the force of gravity at Earth's 
Surface. Orbiting astronauts float 
about because they are In a state of 
free fall, like skydivers. 
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Whittle, Frank 


Date of birth: June 1, 1907. 

Place of birth: Coventry, England. 

Died: August 9, 1996. 

Major contributions: Invented the jet 
engine; built a jet engine used in an air- 
plane that set speed and altitude records. 
Awards: Knight of the Order of the British 
Empire; Albert Medal; Order of Merit; 
Charles Stark Draper Prize; SAE Aerospace 
Engineering Award. 





©) Frank Whittle, one of the inventors of the jet 


engine, developed engines that transformed aviation. 
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he son of a mechanic, Frank 
[wi joined the British Royal 

Air Force (RAF) at the age of six- 
teen. His work with model airplanes 
caught the eye of an officer who recom- 
mended him for officer training. During 
training, Whittle wrote a detailed essay 
about the possibility of developing a 
new kind of aircraft engine that would 
not turn a propeller. He wrote that 
planes could reach higher altitudes and 
faster speeds if exhaust from the engine 
provided the thrust. 

Higher-ranking offi- 
cers dismissed Whittle’s 
ideas, but he continued 
to pursue them. His ini- 
tial plan used a piston to 
compress air, but he con- 
cluded that such an 
engine would weigh too 
much. Whittle developed 
a new approach using a 
turning turbine. Once 
again, however, his supe- 
riors rejected the idea. In 
1930, Whittle patented 
the idea himself. 

Little happened with 
Whittle’s idea until he 
was approached six years 
later by Rolf Dudley- 
Williams and James 
Tinlin, about the possi- 
bility of developing his 
engine. The three formed 
a company—Power Jets 
Limited—in 1936 and began work 
on building a model of Whittle’s 
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engine plans. On April 12, 1937, they 
tested the engine, which was mounted 
on a stand on the ground. It worked per- 
fectly. A scientist who learned of the 
success convinced the RAF to provide 
funding to develop an airplane that used 
the new engine. 

That work took place slowly. A suc- 
cessful test of a newer version of the 
engine in 1939 spurred quicker work. 
The prototype plane, built by Gloster, 
arrived late in 1940, and Whittle built 
the engine at Power Jets facilities. The 
engine was tested successfully late in 
1940. On May 15, 1941, the Gloster 
plane, with Whittle’s engine inside, flew 
for 17 minutes. It reached a top speed of 
340 miles per hour (545 kilometers per 


THE FIRST JET PLANE 


hour). The success convinced RAF offi- 
cials to move ahead with the aircraft. 

In 1944, the British government took 
control of Whittle’s company. In 1948, 
Whittle resigned from the company and 
from the RAF due to ill health. For the 
next twenty years or so, he worked as a 
consultant for various companies. Some 
of his work focused on jet engines. 
Whittle also designed a new kind of 
drilling head for oil drills. In 1976, he 
moved to the United States, where he 
taught at the U.S. Naval Academy. 


SEE ALSO: 


e Engine @ Jet and Jet Power 





Whittle invented the jet engine, but a German 
designed the first successful jet plane. In 1936, 
Hans von Ohain (1911-1988) patented a type of jet 
engine. Soon after, he perfected his design with the 
German aircraft manufacturer Heinkel. On August 
27, 1939, it was used on a plane to produce the first 
jet-powered plane flight. After World War II, von 
Ohain moved to the United States. When he and 
Whittle met, Whittle regarded him coldly, feeling 
that von Ohain had stolen some of his work. When 
von Ohain finally convinced him that was not the 
case, they became friends and worked together. 
When Frank Whittle won the Charles Stark Draper 
Prize and the SAE Aerospace Engineering Award, he 
did so jointly with Hans von Ohain. 


© Hans von Ohain, pictured 
here, worked closely with Frank 
Whittle in later years, after they 
had separately developed the 
first jet engines. 
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Wind Tunnel 


wind tunnel is a piece of test 
JÀ eimen used by designers, 

scientists, and engineers to study 
the effects of air flowing around aircraft, 
rockets, missiles, automobiles, and even 
buildings. Every modern aircraft makes 
its first flight in a wind tunnel. Instead 
of the aircraft moving through the 
air, the aicraft is held still and the 
air moves around it. 

Wind tunnel tests help designers and 
engineers to find problems with a design 
and to test solutions without risking a 
pilot in test flights and without the 
expense of building a full-size aircraft. 
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Most wind tunnels are not big enough to 
hold an entire aircraft. A small and 
very accurately built model of an air- 
craft may be used, or just part of an 
aircraft. Wind tunnels vary greatly in 
size and airspeed, but they have the 
Same basic parts. 


The First Wind Tunnels 

The first wind tunnel was designed by 
the British engineer Francis Herbert 
Wenham and it was built by John 
Browning at Greenwich, England, in 
1871. The wind tunnel was 12 feet 
(about 4 meters) long and 18 inches (45 
centimeters) high and wide. Air could be 
blown through it at up to 40 miles per 
hour (64 kilometers per hour). 

The swirling, unsteady airflow inside 
the first wind tunnels made it very diffi- 
cult to obtain reliable measurements. 
The first wind tunnel to provide useful 
aerodynamic data for designing an actu- 
al aircraft was built by Orville and 
Wilbur Wright in 1901. 

The brothers were disappointed with 
the performance of the early gliders they 
had built. They needed a way of testing 
different shapes and angles of wings 
instead of relying on data provided by 
other people. The Wrights tried testing 
small model wings fixed to a bicycle, but 
they really wanted to test each wing in a 
controlled environment with exactly the 
same airflow. So Orville Wright built a 


© While many wind tunnels use models to test 
new designs, this wind tunnel in the 1950s could 
hold full-scale aircraft. 
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PARTS OF A WIND TUNNEL 


A wind tunnel has five main parts: 
e The drive section pushes air 
through the tunnel. 


e The settling chamber straightens 
the airflow. 

e [he contraction zone speeds up 
the air. 

e The test section contains the 
object to be studied. 

e The diffuser slows the air down. 





wind tunnel from an old box. It was 
only 18 inches (46 centimeters) long. A 
fan driven by their workshop engine 
blew air through the box, and a glass 
window on top showed what was hap- 
pening inside. 


Solving Problems 
In just one day of experiments, the wind 
tunnel showed the Wright brothers 
why their gliders were not performing 
well. The data they had been using to 
design their wings was not correct. 
When the Wrights corrected the errors 
they had discovered, the performance of 
their new wings and gliders improved. 
The first wind tunnel was such a suc- 
cess that the Wrights built a bigger one, 
6 feet (about 2 meters) long. A fan blew 
air through it at about 30 miles per hour 
(48 kilometers per hour). One problem 
they had was ensuring that the air 





©) The gigantic turning vanes in this wind tunnel 


at NASA's Langley Research Center form an 
ellipse 85 feet (26 meters) wide. The vanes 
keep the air moving steadily as it loops through 
the enclosed circuit. 


flowed smoothly through the tunnel. 
Wilbur said, “Our greatest trouble was 
obtaining a perfectly straight current of 
air.” It took nearly a month to solve this 
problem. They did it by blowing air into 
the tunnel through a honeycomb. 
Modern wind tunnels have a similar 
part, called the settling chamber. 


Seeing the Air 

The supports that hold a model in 
today’s wind tunnel are fitted with 
instruments that measure the forces 
experienced by the model. Researchers 
who use wind tunnels have to find addi- 
tional ways to measure the airflow so 
that they can see how it is behaving. 
One of the oldest methods is to stick 
short tufts of wool-like material all over 
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the test object. The way the tufts lay flat, 
or stick up, or flutter shows the airflow. 
Another testing method is to release fine 
streams of smoke into a wind tunnel. 
The smoke follows the airflow and 
shows whether it is smooth or turbulent. 
In a third method, the model being stud- 
ied in the wind tunnel is painted with a 
pressure-sensitive liquid that changes 
when air blows against it. Another type 
of tunnel has small holes, called pressure 
taps, drilled at important points. The air 
pressure in the holes is measured. 

Most of these methods for studying 
airflow disturb or change it in some way. 
Lasers are now used to study airflow in 
wind tunnels without disturbing it. A 
laser produces an intense beam of light 
of only one wavelength. When light 
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© The world's largest wind tunnel 
at NASA's Ames Research Center 
was used to test a parafoil designed 
to deliver a new type of manned 
spacecraft back to Earth. 


bounces off something, its 
wavelength changes if the 
object is moving. When a laser 
beam is fired into a wind tun- 
nel, it is reflected by specks of 
dust in the air and is changed 
by their motion. A fine mist of 
oil or air is sometimes added 
to the air to make its move- 
ments easier to detect. 


Types of Wind Tunnels 
The first wind tunnels were 
open-ended tubes through 
which air was blown. These were soon 
replaced by wind tunnels that blew 
the same air around in an endless loop. 
This layout is called a closed-circuit 
wind tunnel. The temperature, humidity 
(amount of moisture), and speed of the 
air can be better controlled in a closed- 
circuit tunnel. 

Open wind tunnels still are used for 
some tests. If a working engine was 
being tested in a wind tunnel, a closed 
circuit tunnel would recirculate the 
engine exhaust gases, and that would 
affect the engine’s performance and 
thrust. In such cases, an open wind tun- 
nel is used. Fresh air is taken in, acceler- 
ated through the test section once, and 
then expelled along with the engine 
exhaust gases. 
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Wind tunnels also can be classi- 
fied according to the airspeed in their 
test section. There are subsonic 
tunnels, with airspeeds less than 
the speed of sound, and transonic 
tunnels, in which the air travels at 
about the speed of sound. Supersonic 
tunnels have airspeeds greater than 
the speed of sound, while hypersonic 
tunnels are for tests at more than 
five times the speed of sound. 


Air Pressure and 
Temperature 

Early wind tunnel tests sometimes 
produced results that did not agree 
with measurements taken from real 
aircraft in flight tests. Researchers 
found that more accurate results 
were often obtained by increasing 
the air pressure inside the wind tun- 
nel. If a model one-fifth the size of a 
real aircraft was tested, the results 
would be more accurate if the air 
pressure was increased fivefold. The 
first high-pressure wind tunnel was 
used at the Langley Research Center 
(now part of NASA) in 1923. 

There also are refrigerated wind 
tunnels. The air is chilled to sub-zero 
temperatures to study the problem 
of icing, when ice builds up on an 
aircraft’s wings and air inlets. 


VERTICAL WIND TUNNELS 


Vertical wind tunnels blow air straight 
upward. These wind tunnels are not used 
for aerodynamic testing. They are used 
by people who want to practice or just 
enjoy the sensation of skydiving without 
having to jump out of an aircraft. The 
Skydiver is held aloft by the air blasting 
upward. Some vertical wind tunnels are 
completely enclosed and recirculate the 
same air. Others are outside, and the sky- 
diver floats in open air. The airspeed is 
usually adjustable, up to about 140 miles 
per hour (225 kilometers per hour), to 
match the ability of the skydiver. 
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The world’s biggest wind tunnel is at 
NASA’s Ames Research Center. Its test 
section is big enough for aircraft with a 
wingspan of 100 feet (30 meters). Air is 
blown through the tunnel by six fans, 
each as tall as a four-story building. 


SEE ALSO: 


e Aerodynamics ¢ Aircraft Design 


e Pressure ®© Speed ¢ Wright, Orville 
and Wilbur 
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Wing 


wing, or airfoil, is a surface that 
A pms a lifting force when it 
moves through air. A flat surface 
creates lift if it moves through air at the 


correct angle, like a kite. A curved sur- 
face produces more lift and less drag. 


Wing Shapes 
Most aircraft wings are curved on top 
and flatter underneath. Fixed-wing air- 
craft generally have one of four types of 
wing: straight, swept, delta, or swing. 
Small, slow airplanes usually have 
wings that stick straight out from the 
sides of the plane’s body, or fuselage. 
Straight wings are not suitable for high- 
speed flight, because they create too 
much drag. Wings that are angled back- 
ward, called swept wings, are better for 
high-speed aircraft, such as jet airliners. 
A delta wing is a triangular wing that 


(©) The F-14 Tomcat fighter is a swing-wing 
plane, shown here with its wings in the 
sweptback position for 

high-speed travel. 
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is very efficient for supersonic flight. It 
produces little lift at low speeds, how- 
ever, so delta-wing aircraft have to take 
off and land faster than other aircraft, 
and they are not very maneuverable. 
One solution is to fit the plane’s nose 
with small, movable wings called 
canards. The canards create more lift 
and swiveling them makes the plane 
react faster during maneuvers. 

A few planes have swing wings, 
which are straight at low speeds and 
swept back at high speeds. Their wings 
actually move, swinging backward as a 
plane accelerates. This is called variable 
geometry, or swing-wing technology. 
These planes are rarely built, however, 
because the swing-wing mechanism is 
heavy and complicated. 


Creating Lift 
When a wing slices through air, two 
things happen to the air. First, the air 






(c) 2011 M.E. Sharpe, Inc. All Rights Reserved. 


WING 


= The new Eurofighter 
Typhoon has delta wings 
and uses canards for lift 
and maneuverability. 


flowing over the 
curved top of the 
wing speeds up. As 
Bernoulli’s principle 
states, when air 
speeds up, its pres- 
sure falls. Low air 
pressure above a 
wing and higher 
pressure below it 
produce an upward force. Second, a 
wing deflects air downward. According 
to Newton’s third law of motion, forcing 
air downward produces an equal and 
opposite force that pushes the wing 
upward. The total upward force on a 
wing is lift. 

If a wing is tilted up at the front, it 
deflects air downward even more power- 
fully and produces more lift and more 
drag. The angle between a wing and 
the airflow is called the wing’s angle 
of attack. If the angle of attack is 
increased too much, the wing will stall. 
When a wing stalls, the smooth flow 
of air over it breaks up, and lift sud- 
denly disappears. 


Boosting Lift 

An airplane needs big wings to produce 
large amounts of lift when it is flying 
Slowly during takeoff and landing. Big 
wings that produce a lot of lift, howev- 
er, also produce a lot of drag. Excessive 





drag makes the wings inefficient when 
the plane is cruising at high speed, 
because the engines have to burn more 
fuel to overcome it. 

Designers solve this problem by cre- 
ating the best wings for high-speed 
cruising but changing their size and 
Shape for takeoff and landing. As an air- 
liner prepares for takeoff or landing, 
flaps slide out from the trailing edges of 
its wings, and strips called slats slide out 
from the leading edges. Flaps and slats 
are called high-lift devices because they 
produce extra lift. Flaps produce more 
lift by making a wing bigger and more 
curved. When slats are extended, they 
make the leading edge of a wing more 
curved. This shape enables the wing to 
be tilted to a greater angle of attack 
without stalling. The higher angle of 
attack produces extra lift. 

The simplest flaps hinge downward 
from the wing’s trailing edge. Fowler 
flaps slide backward and then tilt down. 
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THE ANATOMY OF AN AIRPLANE WING 


The front edge of a wing also Is called its leading edge, and the back edge is the trail- 
ing edge. Ihe measurement from the leading edge straight back to the trailing edge 
is the wing's chord. The length from one wingtip to the other Is the wingspan. The 
curvature of the top and bottom of a wing Is called its camber. The part of a wing 
where it joins a planes fuselage Is the wing root. A wing's aspect ratio is a measure 
of how long and slender it is. A wing that has a high aspect ratio (long and slender) 
causes less drag, So it Is good for gliding. Wings usually tilt up from an airplane's body 
toward the wingtips, forming a shallow V shape. The angle of this tilt is called the 
dihedral, and the wing's dihedral makes an airplane more stable. 


They increase the size and curve, or 
camber, of a wing. Flaps are nearly 
always on a wing’s trailing edge, but 
Krueger flaps are on the leading edge. 

The increased curve in the wing 
shape produced by flaps may cause a 
wing to stall and lose lift if the smooth 
airflow over the wing breaks away from 
the drooping flaps. 
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Spoiler 





When a slotted flap slides out, a gap 
opens up between the flap and the rest 
of the wing. Air from below the wing 
comes up through the slot and flows 
over the top of the flap. This extra air- 
flow helps to stop the wing from 
stalling. There are also slotted slats. Air 
coming up through the slot from below 
flows over the top of the wing and 
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enables the wing to work safely at a 
higher angle of attack without stalling. 
A blown flap is a device that blows air 
from the engine over the flaps. The extra 
airflow produces more lift and delays 
Stalling even more. 


Spoilers and Ailerons 

Hinged panels called spoilers on top of a 
wing serve the opposite purpose from 
flaps and slats. When a spoiler is raised, 
it spoils the wing’s aerodynamic shape, 
increases drag, and cuts the amount of 
lift. Spoilers are used to cut lift after an 
airplane has landed. They may be used 
to help a big, heavy plane turn. The 
spoilers on one wing are raised to help 
the ailerons. 

Ailerons are panels in the trailing 
edge of an airplane’s wings that are used 
for turning the plane. One aileron tilts 
up, and the other tilts down. One wing 
produces more lift than the other and 
rises. The wing that produces less lift 
falls, and the plane rolls into a turn. 

Big airliners often have two sets of 
ailerons. The ailerons closest to the 
wingtips have more leverage for rolling 
the plane at low speeds. At high speed, 
the ailerons closest to the fuselage have 
enough leverage to turn the plane. 


Supercritical Wings 

When researchers found it difficult to 
accelerate experimental aircraft through 
the sound barrier, they looked at the 
Shape of the airplane’s wings. As a 
normal wing nears the speed of sound, a 
high-pressure shock wave forms on top 


of it. This causes drag, which makes it 
difficult for an aircraft to go faster with- 
out using a lot more engine power. It 
also makes an aircraft harder to control. 

Simply by changing the shape of the 
airfoil, the shock waves can be made 
smaller. Airfoils changed in this way are 
called supercritical wings. In a supercrit- 
ical wing, the upper surface is flattened 


WINGLETS 


The high-pressure air below a wing tries 
to flow around the wingtip into the low- 
pressure air above the wing. This makes 
the air spin off the wingtips and trail 
behind the plane. The spinning trails are 
called vortices. The vortices behind a big 
airliner are powerful enough to flip over 
a small plane flying behind it. Wingtip 
vortices also cause extra drag. Some air- 
planes have wingtips that are specially 
shaped to reduce the drag caused by vor- 
tices. Many aircraft use turned-up 
wingtips called winglets for this purpose. 


©) The Learjet, the first jet plane in produc- 


tion to use winglets, found increased range 
and stability with this wingtip device. 
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EXPERIMENTAL WINGS 


A few planes have been built with wings that sweep forward to increase maneuver- 
ability. The first forward-swept wing airplanes were built in the 1940s, but their metal 
wings could not be made stiff enough, and so they bent. When new materials such as 
carbon fiber were developed, designers looked at forward-swept wings again. An 
experimental jet-powered aircraft with forward-swept wings, the Grumman X-29, 
was built in the 1980s. In Russia, the manufacturer Sukhoi has produced an experi- 
mental forward-swept wing supersonic fighter, the Su-47 Golden Eagle. 

The Wright brothers solved the problem of how to steer a plane by making Its 
wingtips bend, which Is called wing warping. By twisting the wingtips on one side of 
the plane in one direction and the wingtips on the other side in the opposite direc- 
tion, more lift was produced on one side and less on the other side, so the plane rolled 
into a turn. Since then, most airplanes have used ailerons instead of wing warping. 

Today's designers are still working on flexible wings, however. They now are called 
aeroelastic wings. The X-53 Is an experimental plane with flexible wings. When wings 
bend, the result is usually more drag, which is not wanted. The X-53's wings and the 
positions of Its flaps and ailerons have been designed so that when the wings bend, 
the result is more lift. One advantage of flexible wings is that they can be up to one- 
fifth lighter than stiff wings. Flexible wings may enable future aircraft to burn less 
fuel, carry heavier cargo, or fly farther. 


© With its forward- 
swept wings, the 
X-29 had a better 
lift-to-drag ratio 
than other aircraft, 
but not enough to 
be developed into 

a production model. 
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©) The C-17 Globemaster III has Supercritical 
wings to give extra lift to the heavy cargo plane. 


and the curve at the trailing edge is 
increased. Planes with supercritical 
wings can go faster with less engine 
power. Although supercritical wings 
were developed for supersonic aircraft, 
they also can produce a lot of lift at 
low speeds, so they are used by cargo 
aircraft. The extra lift is good 
for getting heavy loads off the ground 
at low speeds. 


Other Kinds of Wings 

Fixed-wing airplanes are not the only 
aircraft that use wings. A helicopter’s 
rotor blades are actually long, thin 
wings. High-performance parachutes 
called parafoils are really inflatable 
wings. The parachute is made of two 
layers of fabric with dividers between 
them, forming a line of pockets, or 
cells. As the parachute moves along, 


air fills the cells and 
forms a wing shape. 
The parachutist con- 
trols and steers the 
parafoil by pulling 
control lines that 
change the wing’s 
shape. 

A flexible fabric 
hang glider is yet 
another type of wing. 
Called a Rogallo 
wing, this early hang 
glider was developed 
in the 1940s by hus- 
band and wife, Francis and Gertrude 
Rogallo. When space exploration began, 
NASA investigated the Rogallo wing as 
a way of landing the Gemini manned 
spacecraft. Round parachutes eventually 
were used instead, but the Rogallo wing 
was used by other designers, who devel- 
oped it into the modern hang glider. 

Racecars also use wings. However, 
racecar wings do the opposite job of air- 
craft wings. They produce a downward 
force, called downforce, when they cut 
through air. This pushes the car down 
harder against the ground, giving its 
tires better grip, and enabling it to take 
corners faster without loss of traction. 


SEE ALSO: 


e Aerodynamics ¢ Aileron and 


Rudder ¢ Bernoulli’s Principle 
e Lift and Drag e Stall 
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World War I 


orld War I began in Europe in 
W 1914, and the United States 
entered the war in 1917. 


Remembered for the terrible slaughter of 
trench warfare on the Western Front, the 
“Great War,” as World War I became 
known, was the first war in which air- 
planes played an important part. 





©) A World War | poster encourages volunteers 
to enlist in the Air Service, part of the U.S. Army. 
At the time, there was no separate U.S. Air Force. 
The poster reflects the aircraft of the period, 
Including airships. 
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The Role of Aircraft 

Until 1914, military strategists regarded 
command of the sea as the key factor in 
international warfare. Britain, Germany, 
and the United States had the biggest 
navies. When World War I began, air- 
planes were still a novelty. The fastest 
airplane had a top speed of only 100 
miles per hour (160 kilometers per hour) 
and a range of about 100 miles (160 
kilometers) before needing to refuel. 

In the nineteenth century, balloons 
and airships had been used in wars, 
mostly for observation and for evacua- 
tion of civilians. The military had yet to 
find uses for the airplane. In 1912, 
Britain had set up a Royal Flying Corps, 
but it had very few aircraft. Germany 
had the largest air force, with more than 
200 airplanes plus Zeppelin airships. The 
U.S. Army had purchased its first air- 
planes in 1913. No nation had assembled 
a large air force. 

In the four years of World War I 
(1914-1918), the airplane became a 
much more formidable weapon. Fighter 
planes battled in aerial combats called 
dogfights. For the first time, cities were 
bombed from the air by airships and air- 
planes. The warring nations formed air 
forces or aviation divisions within their 
armies and navies. War would never be 
the same again. 


Scout Planes 

During the first months of the fighting 
in 1914, airplanes buzzed around the 
Skies over the armies below, but pilots 
had little more to do than the obsolete 
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©) This Nieuport plane was, in 1912, the first aircraft to be fitted with a permanently installed machine 


gun. The plane was nicknamed the “Flying Fish" because of the way it had been decorated by its pilot, 


Captain Harry Gwynne. The French Nieuport planes were used in World War | by French, British, and 


U.S. forces against German Fokkers. 


cavalry galloping over the fields. Planes 
were used to observe enemy movements, 
rather like aerial versions of cavalry 
scouts on horseback. When opposing 
pilots met in the air, they waved—at least 
at first. As the war became serious, they 
began exchanging shots, first with pis- 
tols and then with machine guns. Most 
planes were two-seater biplanes with a 
pilot and an observer. The observer did 
the “scouting” and fired the gun. 

The machine gun was mounted high 
to prevent bullets from hitting the pro- 
peller. Another solution to this problem 
was to move the propeller, putting it and 
the engine behind the pilot. This pro- 
duced “pusher” machines such as the 
Vickers FB5 Gunbus and the DH-2, one 
of a series of planes designed by British 
engineer Geoffrey De Havilland (1882- 
1965). The weakness of the pusher was 
that it was exposed to attack from the 


rear. To fire behind himself, the gunner 
had to stand on his seat and was at 
risk of falling out of the plane, with no 
parachute to save him. A device called 
an interrupter gear, which synchronized 
the firing of guns with the propeller, 
solved the propeller positioning problem. 


Fighter Planes and Pilots 

The Eindecker monoplane (1915) devel- 
oped by Dutch engineer Anthony Fokker 
(1890-1939) was the first modern fight- 
er plane. It was agile, could fly at 83 
miles per hour (134 kilometers per hour), 
and could dive steeply without its wings 
breaking off—an accident all too com- 
mon in less robust aircraft. 

Most airplanes of this period were 
still made of wood and fabric. The first 
all-metal plane was the J-1, designed in 
1915 by German engineer Hugo Junkers 
(1859-1935). After this model, progress 
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INTERRUPTER GEAR 


In 1915, French pilot Roland Garros 
shot down a German Albatross air- 
plane. Garros surprised his opponent 
by firing bullets through the pro- 
peller. The French Morane plane had 
Celiecikenen Ittede tO. [Nts Oroweller 


blades, which prevented bullet dam- 
age Sine amene plane wastilatieg 
captured by the Germans and stud- 
ied by Anthony Fokker, who invented 
an improved system called an inter- 
rupter gear. This device basically 
made the propeller fire the gun, so 
the spitting bullets synchronized 
with the spinning propeller. 





was rapid. By 1917, the Sopwith Camel, 
a twin-gun biplane built in Great 
Britain, could reach speeds of 124 miles 
per hour (200 kilometers per hour) and 
climb to a height of around 22,000 feet 
(6,700 meters). 


OT a , 
gE 
Ni i iy WN —— 
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Fighter pilots, known as aces, devel- 
oped air combat tactics and maneuvers, 
such as the Immelman Turn, named after 
German flier Max Immelman, who was 
killed in 1916. The most famous fighter 
ace was the German Manfred von 
Richthofen, known as the “Red Baron.” 
Another German pilot, Oswald Boelcke, 
took the lead in drawing up group 
tactics and organizing pilots into 
squadrons. Starting in 1915, pilots flew 
in formation instead of wandering alone 
in the skies over battlefields. 


Airships and Bombs 

Pilots and generals soon realized that 
planes could do more than just fly over 
the battlefield firing at one another. 
They also could drop bombs. The first air 
bombs were little bigger than grenades 
and were dropped by hand. Bombs, with 
fins to stabilize them as they fell, grew 
steadily bigger: from 10 pounds (4.5 
kilograms) in 1914 to 1,600 pounds (726 
kilograms) in 1918. Bombs were carried 
in racks and were dropped using bomb- 
sights that took into account the plane’s 
height and speed. 

At first, bombs were 
dropped on military tar- 
gets only, but in 1915 
German Zeppelin airships 
began bombing London 
and other British cities. 


G Handley Page two-engine 
bombers were used to fly long 
distances and attack German 
ground targets and warships. 
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These bombings were the first air 
raids on civilians. The Zeppelins 
scared many people, but the giant 
aircraft were vulnerable to fighter 
planes once they were intercepted. 
Their size made them an easy target 
for machine guns. 


Bomber Planes 

Airplanes joined the civilian bombing 
campaign in November 1916, when a 
German plane dropped six bombs on 
London. A typical large bomber plane 
of the war was the British Handley 
Page 0/100 (1916). The figure 100 
referred to its wingspan, which was 
100 feet (30 meters). The Handley 
Page 0/100 had two Rolls-Royce 
engines, giving it a top speed of 97 
miles per hour (156 kilometers per 
hour), and it could fly for 8 to 9 
hours. Such bombers flew from 
Britain to attack railroad depots, 
docks, and submarine bases along the 
coast of Belgium and in Germany. In 
1917, a single 0/100 flew in several 
legs from Britain to the Greek island 
of Lemnos. From an airfield there, it 
bombed German warships in the 
Turkish city of Constantinople (now 
Istanbul). 

Even larger bombers took to the 
sky. These giants included the four- 
engine Russian Ilya Muromets 
(designed by Igor Sikorsky) and the 
three-engine Italian Caproni Ca 42 (a 
triplane). The Zeppelin company in 
Germany built the R-type bombers, 
which carried engineers to service the 


EDWARD RICKENBACKER 
(1890-1973) 


Born in Columbus, Ohio, in 1890, Eddie 
Rickenbacker was a professional auto- 
mobile racer before World War I. He 
enlisted in the U.S. Army in 1917, serving 
as a driver before becoming a pilot. 
Rickenbacker shot down twenty-two 
enemy planes and four balloons, becom- 
ing the leading American ace pilot in 
World War I. During World War Il, he 
worked as an Inspector of military air- 
bases and survived three weeks on a raft 
in the Pacific Ocean after his plane came 
down. A successful businessman in 
peacetime, Rickenbacker later co-owned 
the Indianapolis Speedway and was 


president of Eastern Airlines. 
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engines on long flights. The biggest R- 
type bomber was still unfinished when 
the war ended. It had six engines and 
longer wings than a World War II 
Lancaster bomber. 

A smaller German bomber, the 
Gotha, was made of plywood. It cruised 
at 80 miles per hour (130 kilometers 
per hour) and carried over 1,000 pounds 
(450 kilograms) of bombs, including 
incendiaries (firebombs). Gothas were 
used to raid London by night during 
1917 and 1918. Gotha crews had to be 
tough—they sat in open cockpits, muf- 
fled against the cold. 

The British and French retaliated 
with small, fast bombers, such as the 
DH-4 and Breguet Br-14, single-engine 
airplanes flying at around 120 miles per 
hour (190 kilometers per hour), which 








©) The De Havilland DH-4 was the only U.S.-built 
plane used in combat in World War I. Also known 


as ‘liberty planes,” DH-4s did not enter service 
until just a few months before the war's end. 
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was as fast as a fighter. The British were 
planning raids on Berlin, using their 
new V/1500 bomber, when the war 
ended in 1918. This plane could carry 
almost 100 times the weight of bombs 
carried by a 1914 plane. 


War in the Air Evolves 

The United States entered World War I in 
April 1917 with hardly any airplanes. 
U.S. pilots, some of whom trained in 
Europe, flew mostly French planes, 
although DH-4s were built in the United 
States. Flying schools were set up to 
train American pilots, and in February 
1918 the 95th Pursuit Squadron was the 
first U.S. Army fighter squadron to 
arrive in France. The 94th Pursuit 
Squadron scored the Americans’ first 
victories, in April 1918, when two of its 
pilots flying French Nieuport 28 fighters 
shot down two German planes. The 96th 
Aero Squadron, formed in France in 
May 1918, was the first U.S. bomber 
squadron. 

Air commanders such as Britain’s 
Hugh Trenchard wanted to use air power 
independently of the armies and navies, 
but they were restricted by lack of air- 
planes and by orders to support Allied 
army offensives. Trenchard got his wish 
in April 1918 with the formation of the 
British Royal Air Force (RAF). By the 
end of the war, the RAF had 22,000 air- 
craft and had destroyed more than 8,000 
enemy airplanes and airships. 

Even at this late stage of the war, 
most air battles were small. Just two 
British 0/400 bombers, for example, flew 
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to attack the Badische industrial plant 
in Germany in August 1918. On a rare 
occasion, large numbers of airplanes 
were used together. In September 1918, 
U.S. Brigadier General Billy Mitchell 
massed 1,500 Allied aircraft for an 
attack on German positions during the 
Battle of Saint Mihiel in France. 


Tactical Warfare 
In World War I, the main role of the 
warplane was tactical. Generals want- 
ed airplanes to shoot at troops on the 
ground, help artillery guns locate tar- 
gets, and provide intelligence about 
enemy movements. Strategists soon 
realized, however, that airplanes could 
have a greater effect on a battle, by 
attacking enemy transportation routes, 
for example. Aircraft also could dis- 
rupt industry by bombing factories 
and cities far behind the frontline. 
Most warplanes in World War I 
were land planes, flying from grass 
airfields. There also were seaplanes 
able to land on water, and naval avia- 
tion progressed rapidly. Ships were 
hurriedly adapted to carry seaplanes, 
and spotter planes were used in naval 
battles. Deck landing trials in 1917 led 
to the first aircraft carriers. 


SEE ALSO: 
e Aircraft, Military ° Aircraft 


Carrier ¢ Airship ¢ Bomber 
e Fighter Plane e Mitchell, Billy 





WORLD WAR | 
AVIATION ADVANCES 


The war taught aviators many lessons: 
about fighter tactics, bombing, and the 
different roles that aircraft could per- 
form in war. World War | saw rapid 
progress in airplane design. When the 
war began In 1914, planes were made 
of wood and fabric, carried no guns or 
bombs, and flew slowly, at low heights. 

By the end of the war In 1918, most 
planes were still biplanes, but they 
were much Improved. By 1918, planes 
could fly as high as 24,000 feet (7,300 
meters). Pilots carried radios to talk to 
the ground. Trainee pilots learned to fly 
on dual-control trainers. Interrupter 
gear had transformed the experience 
of air-to-air combat. Fast, single-seat 
fighters Tlew at about 120 miles per 
hour (190 kilometers per hour) and 
fired two machine guns. 

Fighter planes were the aircraft 
with the most impact in World War I. 
There also were specialized airplanes, 
including ground-attack strike planes 
and naval airplanes able to land on 
ships or water. The development of 
large, multi-engine bombers was a 
Significant step toward future warfare. 

By the war's end, all the warring 
nations had air forces of some form. 
These air forces that evolved during 
World War | would play a much larger 
role in the future. 
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World War II 


orld War II (1939-1945) was 
W i first major war in which 
aircraft played a decisive part. 


Hardly any of the battles, on land or sea, 
were fought without airplanes. During 
the war, the speed and offensive power 
of warplanes increased dramatically. 

Warplanes of World War II included 
fighters, fighter-bombers, bombers, 
trainers, transports, seaplanes, and a 
variety of specialized and general air- 
craft, including the first helicopters. 
Aircraft supported armies on the ground, 
dropped bombs on cities, and patrolled 
the oceans to attack ships and sub- 
marines. Planes dropped paratroopers, 
carried soldiers and supplies into combat 
zones, evacuated the wounded, and 
made reconnaissance flights. 





O Paratroopers jump from a transport plane dur- 
ing World War Il. The war saw the first extensive 
use of paratroops and other advances in aviation. 


Air Forces 

When war began in Europe in September 
1939, the strongest air forces in Europe 
were Germany’s Luftwaffe and Britain’s 
Royal Air Force (RAF). The United States 
as yet had no separate air force—its 


USE OF AIR POWER IN WORLD WAR Il 


Date Event 


1940 


Location 
Poland and 
France 


1940 
1941 
1941-1942 
1941-1943 
1941-1945 
1943-1945 
1944 


Britain 

Pacific 

North Africa 
Russia 

Pacific 

Western Europe 
Normandy 
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German air force mounts blitzkrieg attacks. 


British fighters beat off German bombers and fighters. 


Japanese naval-air attacks on U.S. bases and warships. 


Air power used in support of desert war. 
Ground-support attacks, often in winter. 

Naval air battles and long-range bombing of Japan. 
Allies bomb targets in Nazi-occupied Europe. 
Massive Allied air support tor D-Day landings. 
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warplanes were flown by the U.S. Army, 
U.S. Navy, and U.S. Marine Corps. 

New ideas about the use of air power 
had been put forward in the 1920s by 
Italy’s Giulio Douhet (1869-1930), who 
predicted that the bomber would be the 
key weapon in a future war. Similar 
ideas were advanced by Billy Mitchell 
(1879-1936), an advocate of an inde- 
pendent air force for the United States. 
British air force commanders, such as 
Hugh Trenchard (1873-1956), supported 
these ideas. 

The Germans tested some new ideas 
by sending pilots and planes to fight in 
the Spanish Civil War (1936-1939). The 
German Luftwaffe was equipped with 
around 5,000 planes, mostly medium 
bombers, dive bombers, fighters, and 
troop transports. The Luftwaffe was 
intended to support fast-moving armor 
and infantry on the ground. This 
blitzkrieg (lightning war) strategy 
worked well during the 
German invasions of 
Poland (1939) and of 
Belgium, Holland, and 
France (1940). 

The Germans enjoyed 
air superiority during 
these invasions. Poland’s 
air force was out-of-date, 
and there were only a few 
modern French fighters, 
such as the Dewoitine 
D.520, to match those of 
the Germans. Britain sent 
planes to aid France but 
found that its airplanes 


(such as the Battle light bomber), were 
ineffective and were soon shot down. 
With the fall of France to the Germans, 
British fighter commander Hugh 
Dowding gathered his squadrons for the 
next battle. 


Air Attack on Britain 

In the summer of 1940, the German 
Luftwaffe launched an air assault on 
Britain. The German high command 
planned to destroy British air bases 
before an actual invasion or (they 
hoped) a British surrender. The plan 
failed, thanks to the resistance of 
RAF fighter pilots, a group that included 
Canadians, Australians, Poles, and 
American volunteers as well as British 
pilots. Many were just teenagers with 
only a few weeks’ training. 


© Spitfire fighter planes were used on many 
fronts in World War Il. These Spitfires were on 


patrol in North Africa. 
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©) A formidable group of B-17s flies in forma- 


tion en route to a bombing mission in Germany. 
American B-17s, supplied to Britain's Royal Air 
Force, flew their first combat missions against 
German targets in 1941. 


The Battle of Britain was the first 
Allied air victory of the war. The Allies 
owed their success to a new invention: a 
top-secret radar system that gave early 
warning of the approaching enemy 
bombers. The British also had two mod- 
ern fighter planes. The Hurricane, first 
flown in 1935 and designed by Sydney 
Camm (1893-1966), was used to attack 
German bombers, while the faster 
Spitfire tackled the German fighter 
escorts. The Spitfire (first flown in 1936) 
became one of the most famous air- 
planes of the war. Designed by Reginald 
J. Mitchell (1895-1937), it remained in 
service until the 1950s. 


Air-to-Air Combat 

The main weapons in air-to-air combat 
were machine guns and cannons. The 
Spitfire fighter was armed with eight 
wing-mounted machine guns; an 
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Me-109 had two machine guns and twin 
cannons; and a P-51 Mustang was 
equipped with six machine guns. 

Fighter-bombers carried small bombs 
and rockets as well as guns. German 
fighters fired salvos of air-to-air rockets 
into formations of U.S. bombers. Allied 
fighter-bombers used rockets against 
ground targets, such as railroad trains 
and road convoys, during the 1944 
battles in Normandy, France. Extra-fast 
airplanes such as the British Mosquito 
fighter-bomber flew without defensive 
armament, relying on speed to evade 
the enemy. 


Dive Bombers and 

Heavy Bombers 

In September 1940, the German 
Luftwaffe switched its attention to 
bombing British cities, beginning the 
Blitz. The British retaliated by bombing 
the German capital of Berlin. These 
offensives were the start of a strategic 
bombing war. 

The Germans did not have a heavy 
bomber. Lacking a first-class bombsight 
to help them bomb from high altitudes, 
German designers had been told to give 
all bombers a dive-bombing capability 
so they could dive low over their targets 
for accuracy. 

Dive bombers attacked in a steep 
dive; the pilot released his bomb above 
the target and zoomed away to avoid the 
explosion. Dive bombers were good 
at attacking ground targets, such as 
airfields, and enemy ships; the German 
Ju-87 Stuka was widely used for this. 
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FAMOUS FIGHTERS IN WORLD WAR II 


Aircraft 
Hawker Hurricane | 
Mitsubishi AGM2 Zero 


Date 
1940 
1941 


U.K. 


Japan 


Supermarine Spitfire VV = 1941 U.K. 


Messerschmitt Bf 109F 1941 
Focke Wulf Fw 190A-3 1941 


US 
US 


1943 
1943 


Grumman F6F Hellcat 


North American P-51D 
Mustang 


Messerschmitt Me-262 1944 


This bomber’s weakness was its relative- 
ly slow speed, which made it vulnerable 
to fighters. 

The British and the Americans were 
building four-engine heavy bombers, 
such as the Lancaster, Halifax, B-17, and 
B-24. From the time the United States 
joined the war (after the attack on Pearl 
Harbor in December 1941), these 
bombers played an important role in 
Allied offensive strategies. 


Bombing Day and Night 

In daylight raids, bombers suffered high 
losses from fighter attacks and also from 
anti-aircraft gunnery, and so they 


Country 


Germany 


Germany 


Germany 


Speed 
310 mph (499 kph) 
332 mph (534 kph) 


Weapons 
8 machine guns. 


3 machine guns 
and 2 cannons. 


369 mph (594 kph) 


8 machine guns 
or 4 cannons. 

373 mph (600 kph) 2 machine guns 
and 2 cannons. 
418 mph (673 kph) 2 machine guns 


and 2 cannons. 
380 mph (611 kph) 
437 mph (703 kph) 


6 machine guns. 


6 machine guns. 


540 mph (869 kph) 4 cannons. 








©) The P-51 Mustang, like the Spitfire, became a 
legendary fighter aircraft during World War Il. 


switched to night attacks. In the early 
part of the war, no air force was well 
equipped for night fighting. Pilots had 
little chance of spotting an enemy plane 
in the dark until the invention of 
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airborne radar changed night fighting 
into a battle of technologies. Most night 
fighters had a crew of two: a pilot and a 
radar operator. Typical night fighters 
were twin-engine airplanes such as the 
German Me-110, British Beaufighter, and 
U.S. P-61 Black Widow. 

The Allies built up their bombing 
attacks. The RAF bombed at night, using 
“pathfinder” planes flying ahead of the 
main force to locate and illuminate tar- 
get areas. The U.S. Army sent big forma- 
tions of bombers in daylight to pound 
selected targets. Starting in 1942, the 
U.S. Eighth Army Air Force flew mis- 
sions across Europe from bases in 
Britain. U.S. commanders, such as 
Colonel Curtis LeMay, were confident 
that their bombers—bristling with 
machine guns—could fight their way to 
and from the target, especially when 
Shielded by fighter escorts. The P-51 
Mustang, the best U.S. fighter of the war, 
could fly with the bombers from Britain 
to Berlin, Germany, and back. By 1943, 
U.S. bombers were flying to Germany in 
combat wings of fifty-four planes. They 
flew in formations over 1 mile (1.6 kilo- 
meters) across. As more escort fighters 
became available, these formations were 
cut to thirty-six planes, flying in four 
groups of nine. 


New Bombing Developments 

In May 1942, RAF Bomber Command 
launched its first “1,000-bomber” raid, 
targeting the German city of Cologne. 
Bombs were unguided, but aim was 
more accurate, thanks to the U.S.- 
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©) On August 9, 1945, two U.S. planes flew over 
Nagasaki, Japan, to drop the second atomic bomb 
used in World War II. No atomic bombs have been 
used in warfare since. 


designed Norden bombsight. This device 
had a gyroscopically stabilized telescope 
for the bombardier to sight the target 
during the bombing run. The bombsight 
computer automatically made course 
corrections to ensure that the bombs 
were released over their targets. 

The weight of bombs increased. In 
1943, the first 12,000-pound (5,440- 
kilogram) bomb was used. The first 
22,000-pound (9,990-kilogram) “grand 
Slam” bomb followed in 1944. The size 
of airplanes also grew. The B-29 of 1944 
was twice as heavy as the earlier British 
Lancaster. The B-29 could cruise at 
30,000 feet (9,140 meters) during a mis- 
sion that might last 15 hours, driving off 
enemy fighters with thirteen defensive 
guns controlled by a computer system. 
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The most destructive weapons in 
history were the two atomic bombs 
dropped by B-29s on the Japanese cities 
of Hiroshima and Nagasaki (August 
1945). The bombs destroyed the cities 
and killed an estimated 200,000 people. 


The War at Sea 

At sea, the aircraft carrier proved a deci- 
sive weapon. In the Pacific, both sides 
deployed naval strike forces headed by 
aircraft carriers flying four main types 
of combat airplanes: fighters, dive- 
bombers, high-level bombers, and torpe- 
do bombers. 

The first sea battle to be won by 
naval aircraft rather than battleships 
was the Battle of the Coral Sea (May 
1942). At the Battle of Midway (June 
1942), dive-bombers from U.S. Navy 
carriers destroyed four of the Japanese 


© Naval airplanes played a key part in the war 
in the Pacific. This photograph shows a B-25 
leaving the deck of a U.S. aircraft carrier to take 


part in the first bombing raid on Japan in 1942. 





Navy’s carriers. The biggest naval air 
battle of the war was Leyte Gulf, yet 
another U.S. victory in October 1944. 

During the island-hopping Pacific 
battles, U.S. Navy and U.S. Marine Corps 
pilots flew hundreds of miles across the 
ocean to attack Japanese ships and 
island bases, using the speed and power 
of strike planes such as the P-38 and 
F6F to great effect. At sea, flying boats 
such as the Catalina proved effective. As 
well as attacking enemy ships and sub- 
marines, they located and picked up 
Allied pilots shot down in the water and 
tracked enemy battle fleets. Equally 
valuable were land-based reconnais- 
Sance and submarine-hunting aircraft, 
such as the B-24. 


The Development of Jets 
Until 1944, all combat planes had piston 
engines driving propellers. The Germans 
had flown the world’s first jet airplane, 
the He-178, in 1939. The Me-262, the 
work of designer Willy Messerschmitt 
(1898-1978), became the first jet fighter 
in 1944. Two other German jets, the 
Heinkel He-162 and the Arado Ar-234 
jet bomber, were hurried into service 
before German’s surrender in May 1945. 
No Japanese jet plane fought in the 
war, although several were under devel- 
opment when peace came in August 
1945. The U.S. Bell Airacomet and 
Lockheed XP-80 Shooting Star jets did 
not see combat, but the British Meteor 
jet flew its first operational missions in 
the summer of 1944, chasing German 
V-1 flying bombs. 
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German and 
Japanese Innovations 
The V-1 was one of several innovative 
weapons developed by the Germans. 
These included the V-2 ballistic missile, 
anti-aircraft missiles, guided bombs, and 
the rocket-powered Me-163 interceptor, 
capable of speeds of 620 miles per hour 
(1,000 kilometers per hour). The Dornier 
Do-335 Pfeil “Arrow” was a twin-engine 
fighter, with one propeller in its nose 
and another in its tail. This unique air- 
plane was almost as fast as a jet, but 
only a handful reached the Luftwaffe 
before the war ended. 

The Germans were the first to use 
remote-guided rockets, in 1943, firing 
HS-293 missiles against British ships 


KAMIKAZE MISSIONS 


As the war swung against Japan, the 
nation resorted to kamikaze attacks, 
which started In October 1944. The word 
kamikaze means divine wind. Volunteer 
pilots crash-dived their planes packed 
with explosives onto U.S. Navy ships, 


killing themselves and creating aS much 
destruction as possible. Japan even built 
a rocket-powered suicide plane, the 
Ohka, which was launched from a carrier 
plane. An estimated 3,000-4,000 pilots 
flew kamikaze missions for Japan, sink- 
ing between thirty and eighty U.S. ships 
and damaging many more. 
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©) Jet engines and rockets both advanced during 


the course of World War Il, as scientists rushed to 
develop new and lethal instruments of war. The 
Japanese Ohka suicide plane, shown here, used 
rocket and jet technology. 


in the Atlantic Ocean. Similar radio- 
controlled missiles, air-launched from 
Dornier 217 bombers, sank the Italian 
battleship Roma following Italy’s surren- 
der to the Allies in 1943. 

The Japanese proved resourceful in 
building robust fighting airplanes, such 
as the Mitsubishi Zero. The Japanese, 
like the Germans, had no long-range 
heavy bombers, but in 1944 they did 
attack the West Coast of the United 
States by flying balloons carrying small 
bombs across the Pacific. About 9,000 
balloons were launched; around 1,000 
reached the United States, causing 285 
recorded incidents and six deaths. 


Industrial Production 

Prewar theories that bombing would 
destroy civilian morale and halt factory 
production proved inaccurate. The 
British did not crumble during the Blitz; 
the Russians moved their factories east 
out of range of German planes; and 
German and Japanese workers contin- 
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©) The U.S. aerospace industry boomed during 
World War II. Mass production methods 
became more efficient, and Americans worked 
around the clock to build aircraft. 


ued to build aircraft even under dev- 
astating air bombardment. The speed 
and size of the U.S. aerospace indus- 
try and the nation’s large fuel 
reserves held the key to the air war. 
In 1944, the United States built 
96,000 aircraft compared with 
Japan’s 29,000 and Germany’s 
40,000. The German Luftwaffe need- 
ed more than 150,000 tons of fuel oil 
per month. By September 1944, 
fewer than 20,000 tons were avail- 
able, and many planes were ground- 
ed with empty fuel tanks. In the end, 
German and Japanese air power was 
crippled by shortages of replacement 
planes, pilots, and fuel. 





WORLD WAR II AVIATION 
ADVANCES 


World War Il was a war of air power. During 
the course of the war, top speeds of Tighter 
aircraft rose from about 350 to 450 miles 
per hour (563 to 724 kilometers per hour). 
Bombers flew higher to escape interception: 
up to 35,000 feet (10,700 meters) by 1945. 
Naval battles among ships were replaced by 
long-range air battles between planes flying 
from aircraft carriers. Factory production 
methods speeded up manufacture, and 
technology greatly improved the range, nav- 
igation, gun power, and bombing accuracy 
of warplanes. Air transports, such as the 
C-47 and C-54, carried troops and supplies, 
and parachutes were used to land them. 
Radar was the key air invention: It aided 
ground defenses and also helped pilots 
locate enemy targets. Air weapons became 
more destructive as bombs laid waste to 
cities, and guns and rockets could blow 
planes apart in midair. For protection, planes 
had armor plating and self-sealing fuel 
tanks. By 1944 to 1945, air warfare had been 
changed forever by new weapons and tech- 
nology: jet planes, helicopters, the V-1 flying 
bomb, the V-2 missile, and the atomic bomb. 





SEE ALSO: 
e Aircraft, Military ° Aircraft Carrier 


e Bomber œ Fighter Plane e¢ Missile 
e Parachute ¢ Radar 
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Wright, Orville 
and Wilbur 


Dates of birth: Wilbur: April 16, 1867; 
Orville: August 19, 1871. 

Places of birth: Wilbur: Millville, Indiana; 
Orville: Dayton, Ohio. 

Died: Wilbur: May 30, 1912; Orville: 
January 30, 1948. 

Major contribution: Achieved the first 
sustained, powered, controlled airplane 
flight; built the first practical powered 
airplane; built the first practical 
passenger-carrying airplane. 

Awards: Orville: Collier Trophy. 


n December 17, 1903, Wilbur and 
() Orville Wright flew the first sus- 

tained, powered, controlled air- 
plane flight at Kitty Hawk, North 
Carolina. The Wrights continued experi- 
menting with airplane designs and made 
several important advances. They helped 
promote aviation across the United 
States and in Europe. 


Early Life 

The Wright brothers were the sons of 
Milton and Susan Wright. Their father 
was a church minister. Years after their 
success, the Wrights said they first 
became interested in flying in 1878 
when their father brought home a toy 
helicopter powered by a rubber band. 
Intrigued when the toy flew, the boys 
played often with it and experimented 
by making their own versions of it. Their 
mother, who often made toys and 


600 





© Wilbur Wright (right) and Orville Wright 
(left) were the only ones among their siblings 


who did not attend college. They also were the 
only ones never to marry. 


household appliances herself, encour- 
aged the brothers’ interest in flight. 
Wilbur graduated from high school, 
but before starting college he suffered a 
serious injury while playing hockey. He 
remained at home, helping his father 
with church business and caring for his 
sick mother until her death in 1889. 
During this time, Wilbur read constantly. 
By the time their mother died, 
Wilbur’s younger brother Orville had 
persuaded Wilbur to join him in opening 
a print shop in their hometown of 
Dayton, Ohio. The brothers began pub- 
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lishing a small newspaper, but they 
failed to make money with the paper 
and eventually closed the business. In 
1892, the brothers opened a successful 
bicycle shop where they built, sold, and 
repaired bikes. 


Learning About Flying 

In 1896, the brothers heard of the death 
of aviation pioneer Otto Lilienthal, who 
had a fatal accident while gliding. The 
story renewed the Wright’s interest in 
flying, and they began learning all they 
could about the subject. After the 
Wrights read everything they could find, 
they realized that many aviation books 
contradicted each other. They decided to 
conduct their own experiments. 

The Wrights chose to carry out their 
tests near Kitty Hawk, a small village on 
the sandy barrier islands off the North 
Carolina coast. The area was low, with 
only one small hill, and had no trees. 


Glider Experiments 

The Wrights arrived at Kitty Hawk in 
September 1900 and spent several weeks 
carrying out tests with their first glider. 
At first, they flew the glider as 
a kite, with no one on board. Finally, 
in late October, Wilbur Wright made 
several flights. 

The next year, the Wrights took a 
larger glider to North Carolina. Wilbur 
made more than 100 flights that sum- 
mer. The brothers were puzzled, howev- 
er, that the behavior of the wings did not 
match some calculations published by 
Lilienthal. They returned to Dayton to 


begin new experiments. The Wright 
brothers built a wind tunnel, which they 
used to carry out hundreds of tests of 
different wing shapes. 

Armed with revised theories, the 
Wrights returned to North Carolina in 
1902 with a new glider. This time, the 
results were spectacular. The Wrights 
carried out more than 1,000 glider 
flights. Some carried them more than 
600 feet (185 meters), and once their 
glider stayed in the air for 26 seconds. 





©) Wilbur Wright, with helper Dan Tate, flies a 
glider as a kite at Kitty Hawk, North Carolina. The 
Wright brothers carried out many tests with gliders 
before they attempted powered flight. 
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The First Flight 

The Wrights were now ready to try pow- 
ered flight. Charles Taylor, a mechanic in 
their bicycle shop, built a four-cylinder 
engine. The Wrights spent three months 
designing a propeller, a difficult problem 
that produced several heated arguments. 

The brothers went back to North 
Carolina with their powered plane, the 
Flyer, in late September 1903. However, 
bad weather and mechanical problems 
plagued them through the entire fall. At 
last, on December 14, Wilbur attempted 
the first flight. The plane rose briefly 
into the air, but the engine stalled and 
the plane crashed into the sand. 
Fortunately, the repairs were easy. 

On December 17, 1903, the weather 
allowed another attempt. At 10:35 A.M., 
Orville took off. In 12 seconds of flying, 
he cruised 120 feet (37 meters). The 
brothers had three more successful 
flights that day, two by Wilbur and one 
more by Orville. The last, piloted by 
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Wilbur, was the longest (59 seconds) and 
went the farthest: 852 feet (260 meters). 
That evening, a powerful wind picked 
the Flyer up and smashed it into the 
ground. The brothers packed up the 
pieces of the aircraft and went home. 


Later Efforts 

Some news reports about the flight 
appeared, but the details were often 
wrong. The Wrights issued a statement 
but gave few details, hoping to protect 
their work. They already were planning 
a better machine. 

In the spring of 1904, the Wrights 
launched a model named the Flyer II 
near Dayton. They made many flights 
that summer, becoming more skilled at 
piloting. On September 20, 1904, Wilbur 
had a spectacular flight. He traveled 
more than 3 miles (4.8 kilometers), made 
circles in the air, and stayed aloft for 
more than 1% minutes. 

The following year, the brothers flew 
another new model. On 
October 5, 1905, the Flyer 
III covered more than 24 
miles (39 kilometers) and 
was airborne for nearly 
40 minutes. It would be a 
further three years before a 
European matched these 
achievements. 


ve 


G This is the telegram that arrived 
in the Wright brothers’ family 
home in Dayton, Ohio, announcing 
the first successful powered flight 
on December 17, 1903. 
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=> Orville Wright (right, in black) 
was photographed in 1908 at Fort 
Myer, Virginia, where he went to 
perform flight trials with the plane 
requested by the U.S. Army. The 
trials ended in disaster when the 
plane crashed on September 17, 
killing Wright's passenger. Further 
trials in 1909 were successful. 


Success in Business 
The Wrights offered to build airplanes 
for the U.S. Army, but the army turned 
them down until 1908, when it agreed to 
pay $25,000 for an airplane that could 
carry a passenger and fly for an hour. 
Soon after, the Wrights struck a deal to 
license the plane to French investors as 
well. They designed and tested a new 
airplane with a passenger seat. On May 
14, 1908, Wilbur took mechanic Charles 
Furnas into the air in the world’s first 
passenger plane. 

In 1909, the brothers opened the 
Wright Company in Dayton to build air- 
planes. They also started a flying school. 
The brothers became unpopular, how- 
ever, when they brought several lawsuits 
charging other aviators with taking their 
ideas. Although law courts typically 
found in their favor, the brothers’ actions 
struck the public as mean-spirited. 

In 1912, Wilbur died of typhoid fever, 
and Orville took over running the 
business. He spent much of the rest 
of his life vigorously promoting the 
brothers’ achievement. In 1948, at the 
age of seventy-seven, Orville died of a 
heart attack. 


THE GRANDEST SIGHT 


ene mrs ncd tnat Circle a 
| said then, and | believe still, it was 
me. tne Ghamdest sight of my life. 
Imagine a locomotive that has left 
its track, and Is climbing up in the air 
right toward you—a locomotive 
without any wheels, we will say, but 
with white wings instead... . Well, 
now, imagine this white locomotive, 
with wings that spread 20 feet each 
way, coming right toward you with a 
tremendous flap of its propellers, 
and you will have something like 

what | saw. 
Newspaper publisher Amos I. Roots 
account of Wilbur Wright's flight on 
September 20, 1904 


SEE ALSO: 


e Aircraft, Experimental è Aircraft 


Design © Glider è Kitty Hawk Flyer 
e Lilienthal, Otto e Wind Tunnel 


(c) 2011 M.E. Sharpe, Inc. All Rights Reserved. 








603 


GLOSSARY 


This glossary contains useful words for all 
five volumes. 


Accelerate In scientific terms, to gain speed, 
slow down, or change direction. More 
generally, accelerate means to speed up. 


Acceleration Speeding up or (in scientific 
terms) slowing down or changing direction. 


Ace Fighter pilot who has shot down more 
than five enemy aircraft. 


Actuator Machine that moves the control 
surfaces of an aircraft. 


Aerobatics Form of aviation in which 
pilots fly in patterns and perform stunts, 
both singly and in formation. 


Aerodynamic Shaped to move efficiently 
through air. 


Aerodynamics Science that deals with 
the behavior of moving gases and how 
they affect objects passing through them. 


Aeronautics Science of designing, making, 
and flying aircraft. 


Aerospace Earth’s atmosphere and space; 
the science and industry surrounding air 
and space. 


Aileron Movable panel on the back edge of 
an airplane wing that helps steer the aircraft. 


Air current Movement of air in a certain 
direction—air currents include thermals, 
updrafts, slope winds, and mountain waves. 


Air pressure Force of air pressing against 
something. 


Aircraft carrier Ship that carries aircraft and 
on which aircraft can take off and land. 


Air-cushion vehicle Vehicle that travels just 
above the ground or water on a cushion of 
compressed air. (Also called a hovercraft or 
eround-effect vehicle.) 


Airfoil Curved, aerodynamic shape, such as 
a wing or propeller blade, that creates lift. 
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Airlock Airtight chamber that forms a 
passage between two spaces with differing 
air pressure. 


Airship Aircraft with a large frame filled 
with gas that is lighter than the surrounding 
air, enabling it to rise in the air and float. 


Airspace Area of sky (above land or sea) 
that may be in the control of a particular 
nation. 


Airway Established route for an aircraft. 
Altimeter Instrument that measures altitude. 
Altitude Height above ground or sea level. 
Amphibious Adapted for both land and water. 


Angle of attack Angle between the direction 
in which a wing is pointed and the direction 
of the air flowing over and under the wing. 


Antenna Device, such as a radio wire or 
a large dish, used to receive or transmit 
electromagnetic waves. 


Artillery Weapons, including large guns and 
cannons, that fire shells, rockets, and missiles. 


Astronomy Study of objects in space. 


Astrophysics Science that combines physics 
and astronomy to study the formation, 
processes, and the behavior of stars and space. 


Atmosphere Blanket of gases forming the 
air that surrounds Earth and that performs 
the functions of absorbing sunlight, circu- 
lating moisture, and protecting the planet. 


Atmospheric drag Force, caused by gas par- 
ticles hitting an object, that slows aircraft or 
spacecraft moving through the atmosphere. 


Attitude Angle of an aircraft in relation to 
the horizon or in relation to its surroundings. 


Autogiro Rotary-wing aircraft in which the 
rotor freewheels, or autorotates. An autogiro 
is moved forward by an engine-driven 
propeller, like an airplane. 


Aviation Group of activities connected with 
making and flying aircraft. 
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Avionics Electronic systems and equipment 
on aircraft and spacecraft. 


AWACS Short for Airborne Warning and 
Control System and describing an airplane 
that serves as a flying radar station and 
control center. 


Axis Line around which something rotates. 


Ballast Something that provides or improves 
Stability, usually by adding weight. 


Ballistic Moving in a trajectory after being 
thrown or fired. 


Ballistics Scientific study of projectiles. 


Barnstormer Stunt pilot of the early 1900s 
who flew in aerobatic exhibitions. 


Barrage balloon Tethered balloon flown over 
an area during World War II to make it hard 
for low-flying bombers to bomb accurately. 


Beacon Radio transmitter that sends out 
signals to guide aircraft. 


Biplane Airplane with two wings—upper 
and lower—on each side. 


Black box Data and voice recorder carried 
by aircraft, designed to survive a crash and 
provide information about an accident. 


Blimp Airship without a rigid frame. 


Booster rocket Another term for a launch 
vehicle or rocket booster. 


Buoyancy Ability to float in liquid or rise 
and remain aloft in air. 


Canard Small, movable wing placed toward 
the front of an aircraft, often positioned on 
an airplane’s nose. 


Canopy Transparent cover of a cockpit, or 
the fabric part of a parachute or hang glider 
that is suspended above the passenger. 


Capsule Sealed container, such as the part 
of a space vehicle used by astronauts. 


Carbon emissions Releases of carbon into 
the atmosphere from processes using energy 
from fossil fuels, such as burning fuel for 
vehicles or factories. 


Carrier wave Radio signal that can carry 
information from a transmitter to a receiver. 


Center of gravity Center of mass, or the 
point at which an object acts as if all of 
its mass was concentrated. 


Civilian Person who is not a member of 
the military. 


Coaxial Mounted on a common axis. 


Cold War Period of hostility between the 
United States and the Soviet Union that 
began in the mid-1940s and continued 
until the late 1980s. 


Control surface One of the surfaces (such as 
an aileron, elevator, or rudder) on an aircraft 
that are used to change direction. 


Control system System that links the flight 
controls of an aircraft or spacecraft with its 
control surfaces. 


Cosmonaut Russian term for an astronaut. 


Crop dusting Using an airplane to spray 
crops from the air with pesticide or 
fertilizer. 


Cruising speed Speed at which an aircraft 
usually flies once it is in level flight. 


Delta wing Airplane wing with a long, 
swept-back leading edge and a short, 
Straight trailing edge. 


Deploy Use or put into action. 


Dihedral Angle of tilt between an airplane’s 
body and its wing tips that forms a shallow 
V shape. 


Dirigible Another name for an airship; also 
means capable of being steered. 


Dive bomber Aircraft that swoops low over 
its target to drop bombs. 


Docking Joining one spacecraft to another 
in space. 


Drag Backward force on a moving object, 
such as an airplane, produced by the sur- 
rounding air resisting the movement of the 
object passing through it. 
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Drone Small, remotely piloted aircraft that 
can be controlled by a signal from the 
ground or that flies itself using data pro- 
grammed into its computer system. (Also 
known as a remotely piloted vehicle or 
unmanned aerial vehicle, or UAV.) 


Elevator Movable panel on an airplane’s 
tailplane that controls the aircraft’s pitch 
(movement about its lateral axis). 


Elevon Tilting part at the back of an air- 
craft wing that performs the combined jobs 
of an aileron and an elevator. 


Ellipse Oval shape. 


Exosphere Outer region of Earth’s atmos- 
phere where it meets space. 


Flap Moving part on the trailing edge of 
an airplane wing that is extended during 
takeoff and landing to increase lift. 


Flight deck Cockpit of a large aircraft or of 
a spacecraft such as the Space Shuttle; also 
the upper deck of an aircraft carrier that is 

used for a runway. 


Flight simulator Apparatus set up like an 
aircraft cockpit that can simulate flight 
conditions and is used for flight training 
or aviation research. 


Floatplane Seaplane supported on water 
by floats. 


Fluid Liquid or gas. 


Fly-by-wire Aircraft control system that uses 
electrical wires instead of mechanical parts. 
Flying boat Seaplane with a body like the 
hull of a boat that floats in the water. 

Flying wing Aircraft with no tail and with a 
fuselage and wings that are a single part. 
(Also called blended wing or aerofoil.) 

Force Influence that produces a change in 
motion or direction, such as a push or the 
thrust of a jet engine. 

Free fall Condition created in space by the 
combination of a spacecraft’s speed with 
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the downward pull of gravity, which causes 
astronauts in their spacecraft to fall without 
getting any closer to the ground, so they 
appear to be floating. Also describes the 
motion of an unpowered object pulled 

by gravity, such as a skydiver before the 
parachute opens. 


Frequency Number of cycles per second of 
sound, light, radio, or other waves. 


Friction Force that resists movement and is 
caused by surfaces catching together as they 
try to slide against each other. 


Fuselage Central part, or body, of an airplane. 


Galaxy Huge clusters of stars, gas, and dust, 
such as the Milky Way galaxy that contains 
Earth’s solar system and many others. 


Gas Substance that is in a state other than 
solid or liquid and that has no shape, such 
as oxygen, hydrogen, or air. 


G-force Force caused by acceleration that 
is measured in relation to the force of 
gravity at Earth’s surface. 


Glass cockpit Cockpit in an aircraft or 
spacecraft that has computer screens 
replacing many conventional instruments. 


Glider Aircraft that can fly for long periods 
without the use of an engine. (Also called a 
sailplane.) 


Global Positioning System (GPS) Network 
of satellites that is used for pinpointing a 
location and for navigation. 


Gravity Attraction of objects to the center 
of Earth or to another planet or body. 


Ground effect Lift provided by the cushion 
of compressed air beneath an air-cushion 
vehicle (or hovercraft). 


Guided missile Missile that uses a guidance 
system, such as the heat of its target, to find 
and destroy enemy aircraft. 


Gyroscope Wheel with a spin axis that tries 
always to point in the same direction. 
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Hang glider Small, lightweight aircraft with 
no engine that carries a person, suspended 
in a harness below the wing, who uses body 
movements to control the aircraft. 


Hangar Large building used to store aircraft. 
Heading Direction of an aircraft. 

Head-Up Display (HUD) Form of display in 
airplane cockpit or other vehicle that projects 
data onto a glass plate placed at eye level. 


Hertz Unit of measurement of the frequency 
of sound waves or other waves. One hertz is 
equal to one wave, or compression, passing 
any given point in a second. 


Hydraulic Using a control system that is 
operated by pumping liquid—such as as oil 
or water—through pipes. 


Hypersonic Five or more times faster than 
the speed of sound. 


Inertia Tendency of an object to stay as it 
is (either at rest or moving steadily) unless 
a force acts on it. 


Instrument flight Method of flying in poor 
visibility or darkness using only instruments. 


Instrument rating Qualification acquired 
after pilots train to fly using just their 
instruments so that they will be able to fly 
when visibility is poor or zero. 


Interrupter gear Device that synchronizes 
machine gun bullets so that they shoot 
between the whirling blades of a propeller 
at the front of an aircraft. 


lonosphere Area of Earth’s atmosphere with- 
in the upper thermosphere and extending 
into the exosphere that contains electrically 
charged particles called ions. 


Jet Nozzle through which fluids are forced 
to produce a thrust, or the rush of fluids 
produced by a jet, or an airplane with an 
engine that uses jet power. 


Jet engine Engine that uses jet power to 
produce thrust. 


Joule International unit of energy used to 
measure the amount of energy used, or work 
done, when a force of 1 newton acts through 
a distance of 1 meter. 


Joystick Small stick used in place of a yoke 
to steer some aircraft. (Also called control 
stick or side-stick controller.) 


Jump jet Jet plane that takes off and lands 
vertically using vectored thrust—swiveling 
its engine nozzles so they point downward. 


Kinetic energy Energy of movement—the 
more massive an object is and the faster it 
moves, the more kinetic energy it has. 


Landing gear Equipment—usually consisting 
of sets of wheels, skids, or floats on struts— 
used by an aircraft to take off and land. 
(Also called the undercarriage.) 


Launch vehicle Rocket or other form of 
launcher that takes a spacecraft into space. 


Law of motion Theory about the way 
objects move when forces act on them. 


Lift Upward force produced by the effect 
of an airfoil shape passing through the 
Surrounding air. 


Lighter-than-air Filled with gas lighter than 
the surrounding air—an airship, for example. 


Mach Ratio of the speed of a body to the 
speed of sound. The speed of sound is 
known as Mach 1. 


Mass Amount of matter of which an object 
is made. On Earth, an object’s weight is the 
Same as its mass. 


Mean Sea Level Reference point used in 
aviation that enables all aircraft to measure 
their altitude in relation to the same point. 


Mesosphere Layer of the atmosphere that 
extends from the top of the stratosphere to 
a height of about 53 miles (85 kilometers) 
above Earth’s surface. 


Meteoroid Small piece of solid matter 
moving in space. 
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Meteorologist Person who studies weather 
and climate patterns and issues weather 
forecasts and warnings. 


Meteorology Science that involves study of 
the atmosphere and weather. 


Microgravity Near-absence of measurable 
weight inside a spacecraft that creates a 
sense of weightlessness for the astronaut. 


Microlight Very light, powered aircraft. 
(Also called ultralight, recreational aircraft, 
and light-sport airplane.) 


Microwave Electromagnetic wave with 
a wavelength between 1 millimeter and 
1 meter. 


Missile Object, such as an exploding 
weapon, launched to strike at a target. 


Module Independent unit of a spacecraft. 


Momentum Property of all moving objects 
that is calculated by multiplying an object’s 
mass by its velocity. 


Monoplane Single-winged airplane. 


Mythology Stories about gods and leg- 
endary heroes belonging to a particular 
group, nation, or culture. 


Navigation Identifying and following a 
course. 


Newton Unit of measurement of the force 
needed to make a mass of 1 kilogram accel- 
erate at 1 meter per second squared (or per 
second per second). This force is roughly 
the same force as the weight of a 3.5-ounce 
(100-gram) object, such as a small apple. 


Nuclear weapon Weapon that uses nuclear 
reaction for its destructive power. 


Orbit Following a path, usually elliptical in 
shape, around an object; also the path of an 
orbiting object. 

Orbital decay Loss in the height of a satel- 

lite’s orbit resulting from atmospheric drag. 


Ornithopter Aircraft that creates its thrust— 
and most of its lift—by flapping its wings. 
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Paradox Something that seems impossible or 
contradictory and goes against expectations. 


Parafoil High-performance parachute made 
of two layers of fabric joined by dividers 
that form a line of cells, which fill with air 
to make an airfoil. (Also called wing para- 
chute or ram air wing.) 


Paraglider Hang glider, resembling a para- 
chute, with a parafoil and no rigid frame. 


Paratrooper Member of the paratroops, a 
military unit trained to parachute. 


Pascal Unit of measurement of pressure that 
equals 1 newton per square meter. 


Payload Load carried by a spacecraft or air- 
craft for delivery or for use on a mission. 


Piston engine Type of engine that uses a 
piston, a sliding drum, or disk forced down 
a cylinder by a combusted air/fuel mix to 
produce the power that moves a vehicle. 


Pitch Motion of an aircraft about its lateral 
axis that makes its nose tip up or down. 


Plasma Cluster of charged particles, similar 
to a gas, that can form when a gas is 
exposed to extreme heat or an electric field 
and many of its atoms become ions. 


Potential energy Stored energy—energy 
possessed by something because of its 
position or condition. 


Pressurized Maintained at a near-normal 
air pressure—for instance, the air in the 
cabin of a high-altitude airplane or in a 
spacecraft. 


Probe Robot spacecraft sent into space. 


Propellant Something that propels (drives 
forward), such as the chemicals used to fuel 
a rocket engine. 


Propeller Set of blades, attached to a hub, 
that change an engine’s torque into the 
thrust that moves an aircraft through air. 


Proprotor Propeller that changes position to 
function like a helicopter rotor. 
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Propulsion Act of propelling, or driving 
something forward. 


Prototype Original model or version of 
something, such as a new type of aircraft. 


Radar System that uses radio waves to 
detect and locate objects and movement. 


Radiation Form of energy released in invisi- 
ble waves and particles. 


Radio wave Two waves of energy, one mag- 
netic and one electrical, that travel together 
at the speed of light and form an electro- 
magnetic wave that can carry information, 


such as sound, when it is added to the wave. 


Ramjet Jet engine that uses air compressed 
by flowing through a hollow tube but oper- 
ates without spinning blades, or an aircraft 
with a ramjet engine. 


Receiver Device in a radar system, radio, or 
telephone that receives signals and converts 
them into sound or visual data. 


Reconnaissance Exploratory survey to gain 
information. 


Reentry Return to lower layers of Earth’s 
atmosphere from space or from the upper 
atmosphere. 


Regimes of flight Aircraft speed bands 

that range from low speed through medium 
speed, high speed, and supersonic to 
hypersonic. 


Relativity Relationship of one thing 
to another. 


Rendezvous Meeting of two spacecraft in 
Space, with or without docking. 


Rocket Type of jet engine used as a launch 
vehicle for spacecraft or as a missile when 
launched at a target. 


Rocket booster Solid-fuel rocket that pro- 
vides a rocket with extra thrust. 


Roll Motion of an aircraft about its longitu- 
dinal axis that makes it bank to one side or 
the other. 


Rotary engine Type of engine in which 
parts turn around a central shaft. 


Rotor Turning part of a machine, such 
as the turning blades of a helicopter. 


Rudder Movable part on the tailfin of an 
aircraft that is used to control yaw. 


Satellite Any object that travels in orbit 
around another object, such as a moon around 
a planet. Satellites sent into orbit from Earth 
sometimes are defined as artificial satellites. 


Scramjet Short for supersonic combustion 
ramjet, which is a supersonic version of a 
ramjet. 


Seaplane Airplane that can land on and 
take off from water. 


Sensor Device that picks up a signal—from 
heat, light, or movement, for example—and 
transmits a message to a control system or 
alarm system. 


Shock wave Sudden and extreme rise in air 
pressure caused by a shock, such as the high 
speed of an aircraft passing through air. 


Skydiver Person who jumps from an aircraft 
and performs maneuvers while falling through 
the air before opening his or her parachute. 


Slat Strip that slides out from the leading 
edge of an airplane wing to increase lift. 


Slipstream Stream of air behind a fast- 
moving object. 


Solar cell Device that converts the energy in 
sunlight into electrical energy. 


Solid fuel Type of propellant made by mix- 
ing a liquid oxidizer and fuel and hardening 
them to form a solid. 


Sonic boom Sound heard on the ground 
created by a shock wave from an aircraft 
flying at supersonic speeds. 


Sound barrier Combination of obstacles 
(increase in drag, loss of lift, and loss of 
control) faced by an airplane in the transi- 
tion from subsonic to supersonic speeds. 
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Soviet Union Former federation of nations 
in Eastern Europe and northern Asia that 
was formed after World War I, led by Russia, 
and disbanded in 1991. The space program 
that began in the Soviet Union after World 
War II is now run by Russia. 


Space Everything beyond Earth’s atmosphere. 


Spaceport Place where spacecraft are 
launched and can land. 


Stabilator Tilting tailplane that performs the 
combined jobs of the stabilizer and elevator. 
(Also called all-moving tailplane or all-fly- 
ing tailplane.) 

Stabilizer Part of an aircraft that helps to 
keep it steady in the air. 


Stage One of the launch sections of a rocket 
that is discarded after its fuel is used up. 


Stall Sudden loss of lift in an aircraft 
caused by the interruption of smooth airflow 
over the wing. 


Stealth Technology that uses a combination 
of design factors—including materials, 
engines, electronics, and shape—to enable 
an aircraft to evade detection by radar. 


STOVL Short for short takeoff and vertical 
landing and used to describe an aircraft that 
takes off and lands in these ways. 


Strategic Used as part of a strategy—for 
example a weapon, missile, or aircraft that 
is so destructive that it is kept by a group or 
nation as a deterrent so that enemies will 
not attack. 


Stratosphere Layer of the atmosphere that 
extends from the top of the troposphere to 
a height of about 30 miles (50 kilometers) 

above Earth’s surface. 


Streamlined Shaped in a smooth and flow- 
ing way designed to minimize air resistance. 


Strike plane Fighter plane that also can 
make airstrikes on ground targets and ships 
at sea. (Also called a fighter-bomber.) 
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Suborbital Trajectory that does not complete 
a full orbit of Earth, or other body. Sub- 
orbital flights go to very high altitudes but 
do not enter into orbit. 


Subsonic Slower than the speed of sound. 
Supersonic Faster than the speed of sound. 


Swept wing Wing that is angled backward 
from an aircraft’s fuselage (instead of being 
at right angles to it) for high-speed flight. 


Swing-wing Wing that can be varied from 
sweptback to regular position for different 
flight speeds. (Also called variable geometry.) 


Synchronize Make things work at the same 
time or in an alternating order so that they 
operate efficiently together. 


Tailfin Vertical stabilizer placed at the rear 
of an airplane’s fuselage, forming the 
upright part of the tail. 


Tailhook Hook situated on the underside of 
an aircraft and used during landing to catch 
hold of braking cables on an aircraft carrier 
deck in order to slow and halt the plane. 


Tailplane Horizontal part of an aircraft tail 
that sticks out either side of the tail or rear 
fuselage to help keep the aircraft stable in 

the air. (Also called a horizontal stabilizer.) 


Taxiway Paved strip used by aircraft 
between airport runways and terminals. 


Terminal velocity Speed at which the forces 
of drag and gravity are equal and a falling 
object is no longer accelerating (speeding up). 


Thermosphere Uppermost layer of the 
atmosphere that extends from the top of the 
mesophere to a height of about 400 miles 
(640 kilometers) above Earth’s surface. 


Throttle Valve that regulates the flow of 
fuel to an engine, thereby increasing or 
decreasing thrust and speed. 


Thrust Force that propels vehicles, such as 
spacecraft and aircraft, and is produced by 
propellers, jet engines, or rockets. 
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Thrust vectoring See vectored thrust. 


Thruster Small gas jet used by spacecraft 
and astronauts to perform maneuvers. 


Tilt rotor Aircraft with propellers that can 
tilt different ways for lift and propulsion. 


Topography Surface shape. 


Torque Force that produces rotation or 
twisting—for example, the force created 
by using a wrench to tighten a nut. 


Trajectory Curved path taken by an object 
that has been thrown or fired. 


Transponder Radio or radar receiver that 
emits a signal when it receives a signal. 


Trim Move the center of pressure in an aircraft 
forward or backward until it lines up with the 
center of gravity, making the aircraft level. 


Triplane Airplane with three sets of wings. 


Troposphere Lowest layer of the atmosphere 
that extends from Earth’s surface up to about 
4 miles (6.4 kilometers) above the North and 
South Poles and 11 miles (17.7 kilometers) 
above the Equator. 


Turbine engine Type of rotary engine in 
which whirling blades are rotated by 
pressure from gas or other fluid. (Also 
called a gas turbine or just a turbine.) 


Turbofan Turbine engine that uses a jet of 
gas to spin a fan at the front of the engine. 


Turboprop Turbine engine that uses a jet of 
gas to spin a propeller. 


Turboshaft Turbine engine that uses a jet 
of gas to spin the shaft that drives a 
helicopter’s rotors. 


Turbulence Strong air disturbance. 


Turbulent Moving up and down or in a 
disturbed fashion. 


UAV Short for unmanned aerial vehicle or 
unmanned air vehicle and used to describe an 
aircraft that flies without a pilot by using pro- 
grammed data or remote control from the 
ground. (Also called a drone.) 


UFO Short for unidentified flying object, or 
a mysterious object seen in the sky. 


Vario/altimeter Electronic device used 

in gliders and hang gliders that indicates 
altitude, airspeed, and if an aircraft is 
gaining or losing height. 

Vector Quantity that has size and direction. 


Vectored thrust System enabling an aircraft 
to change the direction of its engine thrust 
to perform maneuvers and vertical takeoff. 


Velocity Speed in a particular direction. 
Venturi Tube with a narrow mid-section. 


Vertebrate Any species of animal with a 
spinal column. 


V/STOL Short for vertical or short takeoff 
and landing and used to describe a type 
of aircraft that takes off and lands in 
these ways. 


VTOL Short for vertical takeoff and landing 
and used to describe a type of aircraft that 
takes off and lands in these ways. 


Wavelength Distance between one crest or 
compression of a wave and the next. 


Waypoint Geographical location along a 
route, identified by longitude and latitude 
and used to define aviation routes. 


Weight Downward force acting on an object 
due to gravity. 


Wind tunnel Piece of equipment used to 
study the effects of air flowing around 
aircraft, spacecraft, and other vehicles. 
Winglet Turned-up wing tip shaped to 
reduce drag. 

Wingspan Distance from the tip of one 
wing to the tip of the other wing on an 
airplane. 


X-plane Experimental airplane used for 
developing and testing new ideas and types 
of aircraft. 


Yaw Motion of an aircraft about its 
vertical axis that makes its nose turn 
to the left or right. 


Yoke Flight control, similar to a steering 
wheel, that can make an airplane climb, 
dive, or turn from side to side. 
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TIME LINE 


1010 English monk Eilmer, attempting 
to fly from a tower using wings tied to his 
arms and feet, glides for about 656 feet 
(200 meters). 


1232 First recorded use of rockets takes 
place at the Battle of Kai-Feng in China. 


1295 Explorer Marco Polo reports seeing 
man-lifting kites in China. 


1500 Artist and inventor Leonardo da Vinci 
suggests a person could be carried through 
the air by a parachute-like structure. 


1687 Isaac Newton publishes the Principia, 
three volumes of scientific writings that 
include his laws of motion. 


1709 Bartolomeu de Gusmão, using a small 
balloon made from paper, demonstrates that 
an object filled with hot air can rise and stay 
afloat. 


1738 Mathematician Daniel Bernoulli pub- 
lishes Hydronamica, including a description of 
Bernoulli’s Principle of pressure and velocity. 


1783 First recorded use of a parachute 
takes place, using weights and animals. 


Hot air balloon built by brothers Jacques- 
Etienne and Joseph-Michel Montgolfier 
achieves the first successful lighter-than-air 
flight carrying living creatures. 

Francois Pilatre de Rozier and the Marquis 
d’Arlandes make the first manned flight in 
a hot air balloon. 


Jacques Charles makes the first manned flight 
in a hydrogen-filled balloon. 


1785 Jean-Pierre Blanchard and John 
Jeffries fly across the English Channel in a 
balloon. 


1793 Jean-Pierre Blanchard makes first 
balloon flight in the United States. 


1797 Andre Jacques Garnerin makes a 
parachute jump from a balloon over Paris. 
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1844 William Hale designs a spinning 
rocket that can hold a straight path. 

1849 George Cayley builds a glider able to 
fly on a short flight carrying a ten-year-old 
boy. 

1852 Henri Giffard makes the first con- 
trolled flight in a steam-powered hydrogen 
balloon with a propeller, thereby inventing 
the airship. 

1853 Full-size glider built by George 
Cayley carries a man on the first heavier- 
than-air flight by an adult. 

1861 American Civil War begins. 


1865 Jules Verne’s science fiction novel, 
From the Earth to the Moon, is published. 


1871 


1876 Nikolaus Otto invents an internal 
combustion engine using a four-stroke 
piston. 


First wind tunnel is developed. 


1878 Karl Benz invents a two-stroke inter- 
nal combustion engine. 

1884 First fully steerable airship is built by 
Charles Renard and Arthur Krebs. 

1885 Karl Benz invents the gasoline- 
powered automobile. 

Gottlieb Daimler and Wilhelm Maybach 
create the first gasoline-powered motorcycle. 
1888 Gottlieb Daimler and Wilhelm Maybach 
fly a gasoline engine-powered balloon. 

1889 Aviation pioneer Otto Lilienthal 
publishes Bird Flight as the Basis of 
Aviation, suggesting curved wings to 
achieve lift for aircraft. 

1890 Clément Ader’s bat-winged Éole, a 
steam-powered airplane, flies 165 feet 

(50 meters) only 8 inches (20 centimeters) 
above ground. 

1891 Otto Lilienthal builds his first glider. 


1893 Lawrence Hargrave invents the box 
kite. 
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1896 Otto Lilienthal is killed in a glider crash. 


1898 Konstantin Tsiolkovsky writes the 
first serious study of spaceflight using 
rockets. 


Alberto Santos-Dumont first uses an inter- 
nal combustion engine in an airship. 
World’s first aero club is founded in France. 
1900 Ferdinand von Zeppelin builds a 
rigid-frame airship. 

Brothers Orville and Wilbur Wright build 
and fly their first glider. 

1901 Orville and Wilbur Wright build the 
first wind tunnel to provide accurate data 
for designing aircraft. 

1902 Leila Marie Cody becomes the first 
woman to pilot a heavier-than-air craft. 
1903 Orville and Wilbur Wright achieve 
the first successful powered, controlled, 
heavier-than-air flight. 

1905 The Wright brothers’ Flyer III, 
considered by the Wrights to be the first 
practical powered airplane, makes its 

first flight. 

Albert Einstein publishes several scientific 
papers, one detailing his Special Theory of 
Relativity and another offering his equation 
Esm. 

Christian Hulsmeyer shows that radio waves 
could be used to detect ships at sea—the 
basis of radar. 

The Aero Club of America is founded. 

1906 Alberto Santos-Dumont achieves 

the first successful European, powered, 
controlled, heavier-than-air flight. 

First successful flight by a monoplane, built 
by Trajan Vuia, takes place. 


1907 Glenn Curtiss founds first airplane 


manufacturing company in the United States. 


First helicopters make brief hops off the 
ground. 


1908 Wilbur Wright flies a passenger in 
the world’s first passenger plane. 


First flight by a triplane takes place. 


1909 Louis Blériot becomes first person to 
fly across the English Channel. 


First commercial airship passenger flights 
begin. 

Series production of aircraft begins (at the 
Short Brothers factory in the United 
Kingdom). 

The U.S. Army acquires its first airplane. 


1910 World’s first female pilot, Elise 
Raymonde Delaroche, receives her pilot’s 
certificate. 


First airplane takes off from water. 


First known freight flight takes place (in 
Ohio). 

First airplane takes off from the deck of a 
ship, piloted by Eugene Ely. 

Igor Sikorsky builds his first helicopter. 


1911 Glenn Curtiss builds first successful 
seaplane. 


First airplane lands on the deck of a ship, 
piloted by Eugene Ely. 


Airmail flights begin. 


First American female pilot, Harriet Quimby, 
receives her pilot’s license. 


First live bomb is dropped from an airplane. 


Bombsight for airplanes is invented by 
Riley Scott. 


1912 First airplane travels at a speed 
exceeding 100 miles per hour (160 kilo- 
meters per hour). 


Albert Berry makes the first parachute jump 
from an airplane. 


1913 Russian pilot performs the first loop- 
the-loop aerobatic stunt. 


First known aerial combat takes place (in 
Mexico). 
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1914 First military operation involving 
U.S. airplanes occurs when a U.S. flying 
boat is fired on in Mexico. 


World War I begins. 


First airplane is shot down by another airplane. 


1915 National Advisory Committe for 
Aeronautics (NACA) is founded. 

Anthony Fokker develops the first modern 
fighter plane. 

Hugo Junkers designs the first all-metal 
plane. 

First Zeppelin airship is shot down in air 
combat while on a bombing mission over 
France. 

Albert Einstein publishes his General Theory 
of Relativity. 

1916 Boeing and Lockheed start building 
aircraft. 

First Boeing airplane, the Model 1, makes 
its first flight. 

1918 First combat mission flies from a 
moving ship, when Stuart Culley takes off 
from a British warship and shoots down a 
German airship. 

British Royal Air Force is formed. 

Billy Mitchell commands a force of almost 
1,500 planes at the Battle of St. Mihiel in 
France. 


World War I ends. 


Daily airmail service is introduced in the 
United States. 


1919 First aircraft crosses the Atlantic 
Ocean in about seventeen hours, flown by 
John Alcock and Arthur Whitten Brown. 


Airship R-34 flies across the Atlantic Ocean 
from Britain to New York and back to 
Britain a few days later. 


First flying boat crosses the Atlantic Ocean. 
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1919 World’s first airline, KLM in the 
Netherlands, is founded. 

First U.S. international scheduled airline 
service flies between Florida and Cuba. 
1920s Barnstormers perform at shows 
around the United States. 

1921 First coast-to-coast airmail is deliv- 
ered in the United States. 

First airship, the Goodyear C7, is filled with 
helium. 

Billy Mitchell mounts simulated attacks proving 
that aircraft can destroy warships in his effort 
to gain support for an independent air force. 
1922 James Doolittle becomes the first 
person to fly across the United States in 
less than a day. 

1923 First successful flight by an autogiro 
takes place. 

1924 Astronomer Edwin Hubble, using the 
Hooker telescope in California, observes the 
galaxy Andromeda. 

1925 Western Air Express, which later 
became Trans World Airlines, is founded. 
1926 Robert Goddard launches the first 
liquid-fuel rocket. 

Bessie Coleman, stunt pilot and first female 
African American pilot, dies in a plane crash 
while preparing for an air show. 

1927 U.S. federal government tightens 
aviation laws to curtail dangerous flying 
and ensure aircraft maintenance. 

Pan American Airways is founded. 

First solo nonstop flight across the Atlantic 
Ocean is achieved by Charles Lindbergh in 
the Spirit of St. Louis. 

1928 First flight of a rocket-powered 
airplane takes place (in Germany). 

First flight by an autogiro across the English 
Channel takes place. 
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1928 First flight by an American autogiro 
takes place. 

1929 First air traffic controller begins work 
(in St. Louis, Missouri). 

Airship Graf Zeppelin flies around the world 
in just over twenty-one days. 


1929 James Doolittle makes the world’s 
first instruments-only takeoff, level flight, 
and landing. 


1930 Frank Whittle invents and patents his 
ideas for the jet engine. 

Flights by U.S. domestic passengers number 
400,000 per year. 

The first U.S. gliding championships are held 
at Elmira, New York. 

An airplane is detected by radar for the first 
time. 

The first flight simulator, the Link Trainer, is 
introduced. 

1931 World’s first recorded skyjacking 
takes place in Peru. 

First flight of the De Havilland Tiger Moth 
biplane takes place. 

Clyde Pangborn and Hugh Herndon fly non- 
stop across the Pacific Ocean. 

Sikorsky Aircraft launches the S-40 American 
Clipper flying boat. 

1932 Amelia Earhart becomes the first 
woman to fly solo across the Atlantic Ocean. 
1933 First flight by a modern airliner, the 
Boeing 247, takes place. 

Wiley Post flies solo around the world. 

1934 USS Ranger becomes the first U.S. 
purpose-built aircraft carrier. 

Daimler-Benz produces the DB600 aircraft 
engine. 

1935 Douglas DC-3 makes its first flight. 
The first practical radar system for defense is 
developed in Britain. 


PBY Catalina seaplane flies for the first time. 


1935 First aircraft with hydraulically 
operated folding wings, the Douglas TBD 
Devastator monoplane torpedo bomber, goes 
into service. 


1936 Pan American Airways begins 
passenger service across the Pacific Ocean. 


The Spitfire fighter plane makes its first 
flight. 

The Focke-Achegelis FW-61 becomes the 
forerunner of modern helicopters. 


1937 Frank Whittle and his partners 
successfully test a jet engine. 


The Hindenburg airship crashes in New Jersey. 


Amelia Earhart and copilot Fred Noonan 
disappear over the Pacific Ocean during a 
round-the-world flight. 

1938 Flights by passengers worldwide 
number 3 million per year. 

1939 World War II begins with Germany’s 
invasion of Poland. 

Heinkel He 178 airplane makes the first jet- 
powered flight, using a jet engine developed 
by Hans von Ohain. 

Howard Hughes buys a majority share of 
Trans World Airlines. 

Invention of the cavity magnetron makes it 
possible to build radar equipment small and 
powerful enough to be carried by aircraft. 
First successful (tethered) flight by a practical 
helicopter, the Vought-Sikorsky VS-300, 
takes place. 

1940 Sikorsky’s VS-300 helicopter makes 
its first untethered flight. 


Pressurized cabins are first used commercially. 


World War II’s first major air battle, the 
Battle of Britain, takes place. 


1941 U.S. Army Air Corps forms an all- 
black unit in Tuskegee, Alabama, that 
becomes known as the Tuskegee airmen. 


Japanese aircraft attack U.S. military bases 
at Pearl Harbor, Hawaii. 
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TIME LINE 


1941 First flight by the world’s largest glid- 
er, the Messerschmitt Me-321, takes place. 


1942 Bell Company produces the P-59 
Airacomet, the first jet plane with a U.S.- 
built engine. 


First military helicopter, the XR-4, goes into 
production. 
First V-2 rocket is launched. 


First U.S. air raid, known as the Doolittle 
Raid, is made on the Japanese capital, 
Tokyo. 

1944 First jet fighter, the Me-262 designed 
by Willy Messerschmitt, is introduced. 

First flight of a U.S. jet fighter, the XP-80 
Shooting Star, takes place. 

U.S. factories build 96,000 aircraft in one 
year. 

1945 U.S. airplanes drop atomic bombs on 
Hiroshima and Nagasaki in Japan. 

World War II ends. 


1946 First (subsonic) flight by the Bell X-1 
takes place. 


Ejection seat is first used. 
1947 U.S. Air Force is created by the 
National Security Act of 1947. 


A WAC-Corporal rocket launched at White 
Sands, New Mexico, reaches a height of 
244 miles (390 kilometers), showing that 
rocket technology could be used to launch 
satellites. 


The International Civil Aviation Organization 


(now part of the United Nations) is founded. 


First Pitts Special airplane flies. 


First supersonic flight takes place, in the 
Bell X-1 Glamorous Glennis piloted by 
Chuck Yeager. 


Howard Hughes’s H4 Hercules Spruce Goose, 
the world’s largest flying boat, makes a sin- 
gle brief flight. 
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1947 Reports of UFO sightings in Idaho 
and Washington attract media attention, 
starting a stream of reported UFO sightings 
in the United States. 


1949 United States fires the world’s first 
two-stage rocket. 


First flight by a jet airliner, the De Havilland 
Comet, takes place. 


1950 U.S Air Force establishes Cape 
Canaveral Air Force Station. 


First U.S. Navy jet, a Grumman F9F-2 
Panther, sees combat, during the Korean War. 


1953 Douglas Skyrocket becomes the first 
aircraft to fly at the speed of Mach 2. 


Chuck Yeager sets new world speed record of 
Mach 2.4 in the X-1A. 


First flight by a U.S. supersonic fighter, the 
F-100, takes place. 


Jacqueline Cochran becomes the first woman 
to fly faster than the speed of sound. 


1954 Convair’s tail-sitter plane, the XFY-1 
(or “Pogo”), is first tested. 


1956 Bell X-2 becomes the first airplane 
to achieve speed in excess of Mach 3 before 
crashing. 


1957 International Geophysical Year 
begins. 
First satellite, the Soviet Union’s Sputnik 1, 


orbits Earth and signals the beginning of 
the Space Race. 


First living creature to be sent into space, 
the dog Laika, is put into Earth orbit in 
Sputnik 2 by the Soviet Union. 


1958 First U.S. satellite, Explorer 1, is 
launched. 


Boeing 707 enters service. 
First flight data recorder is produced. 


National Aeronautics and Space 
Administration (NASA) is founded. 


(c) 2011 M.E. Sharpe, Inc. All Rights Reserved. 


TIME LINE 


1959 Soviet probe Luna 1 flies within 
3,700 miles (6,000 kilometers) of the Moon. 
Soviet probe Luna 2 makes a crash landing 
on the Moon. 

Cockerell’s SR-N1 hovercraft, the first 
practical air-cushion vehicle, crosses the 
English Channel. 

Satellite Explorer 6 takes the first photos 
from space. 

1960 First weather satellite, Tiros 1, is 
launched. 


First navigation satellite, Transit 1B, is 
launched. 


First aerobatics championships are held. 


U.S. Air Force captain Joseph Kittinger 
skydives from a height of 102,200 feet 
(31,100 meters), free falling for 4 minutes 
and 38 seconds before his parachute opens 
at 17,500 feet (5,300 meters). 

1961 Soviet cosmonaut, Yuri Gagarin, 
becomes the first person to go into space 
when he orbits Earth in Vostok 1. 
Astronaut Alan Shepard becomes the first 
American in space during the Project 
Mercury suborbital mission. 

U.S. President John F. Kennedy sets U.S. 
goal for a Moon landing before 1970. 

First skyjacking in the United States takes 
place on a commercial flight over Florida. 
First flight of the CH-47 Chinook helicopter 
takes place. 

1962 First communications satellite, 
Telstar, is launched. 

First recorded takeoff of a human-powered 
airplane takes place. 

1962 Cape Canaveral military facility becomes 
home to NASA’s Launch Operations Center 
(renamed Kennedy Space Center in 1963). 
John Glenn becomes the first American to 
go into orbit around Earth, in Friendship 7 
during a Project Mercury mission. 


1963 Soviet Union launches Vostok 6 
carrying Valentina Tereshkova, the first 
woman in space. 


Dominic C. Jalbert invents the parafoil kite. 


1964 Kennedy Space Center moves to 
Merritt Island opposite Cape Canaveral. 


1965 Project Gemini missions begin in 
preparation for the U.S. Moon landing. 


Edward White becomes the first person to 
walk in space during a Project Gemini 
mission. 


Gemini 6 and Gemini 7 missions achieve the 
first space rendezvous. 


1966 Gemini 8 mission achieves the first 
docking of two space vehicles. 


1967 Project Apollo begins. 


Three NASA astronauts die in fire during 
preparations for the Apollo 1 launch. 


McDonnell merges with Douglas to form 
McDonnell Douglas 


North American Aviation X-15 flies at Mach 
6.7. 


1968 First manned Apollo flight takes 
place. 


First flight of a supersonic airliner, the 
Tu-144, takes place. 


1969 First Harrier jump jets enter service 
with the British Royal Air Force. 


Apollo 11 mission lands NASA astronauts 
Neil Armstrong and Buzz Aldrin on the 
Moon. 


Supersonic airliner Concorde makes first 
flight. 


1970 First wide-bodied airliner, the Boeing 
747, goes into service. 


1970 Apollo 13 mission returns safely to 
Earth after an explosion on board. 


Soviet probe Venera 7 lands on Venus. 


1971 Apollo 15 mission makes first use of 
lunar rover vehicle on Moon’s surface. 
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TIME LINE 


1971 Soviet Union launches the world’s 
first space station, Salyut 1. 


Space probe Mariner 9 goes into orbit 
around Mars. 


1973 Federal Aviation Administration 
(FAA) first requires airlines to screen 
passengers and luggage. 


United States launches the space station 
Skylab. 


Emily Warner of Frontier Airlines becomes 
the first full-time female airline pilot for a 
scheduled airline. 

1976 Lockheed SR-71 Blackbird, piloted 
by Eldon W. Joersz, sets a new world air- 
speed record of 2,188 miles per hour 

(3,530 kilometers per hour). 

Viking spacecraft land on Mars. 

Helios B becomes the fastest spacecraft sent 
from Earth when it travels abut 150,000 
miles per hour (about 241,000 kilometers 
per hour) as it orbits the Sun. 

1977 Two Voyager probes are launched, 
visiting distant planets over a period of 
several years before leaving the Solar 
System to travel to other stars. 

First successful flight by a controllable, 
human-powered airplane, Gossamer Condor, 
takes place. 

1978 First Global Positioning System (GPS) 
satellite is launched. 

First flight in a helium balloon across the 
Atlantic Ocean takes place. 

First flight in a helium balloon across the 
Pacific Ocean takes place. 

1980 The world’s first successful solar- 
powered, piloted airplane, Gossamer 
Penguin, makes it first flight. 

1981 First reusable spacecraft, the Space 
Shuttle, goes into space. 


U.S. air traffic controllers go on strike. 
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1983 Sally Ride becomes first U.S. female 
astronaut. 


F-117 Nighthawk stealth aircraft becomes 
operational. 


1985 United States test fires an anti- 
satellite missile by destroying an orbiting 
satellite. 


1986 Space Shuttle Challenger breaks up 
after launch. 

Voyager airplane flies nonstop around the 
world. 

Soviet Union launches space station Mir. 
1987 First flight in a hot air balloon across 
the Atlantic Ocean takes place. 

1989 B-2 bomber makes its first flight. 
1990 Hubble Space Telescope goes into 
orbit around Earth. 

Magellan probe arrives on Venus. 

1991 First flight in a hot air balloon across 
the Pacific Ocean takes place. 

1993 Patty Wagstaff becomes National 
Aerobatics champion. 

1994 Astronauts first use SAFER unit for 
EVA during Space Shuttle mission. 

1995 Steve Fossett makes the first solo 
balloon flight across the Pacific Ocean. 

U.S. Space Shuttle docks with the Russian 
Space station Mir. 

1997 Mars Pathfinder lands on Mars and 
releases robot rover to explore the planet. 
1998 First two modules of the International 
Space Station (ISS) are launched into space. 


1998 John Glenn joins a Space Shuttle 
mission, becoming the world’s oldest 
astronaut. 


Lieutenant Kendra Williams of the U.S. Navy 
becomes the first female U.S. pilot to drop 
bombs in combat, during Operation Desert 
Fox in Iraq. 


(c) 2011 M.E. Sharpe, Inc. All Rights Reserved. 


TIME LINE 


1999 First balloon flight to circle Earth 
takes place. 
Synthetic vision system is tested in flight. 


2000 Supersonic airliner Concorde crashes 
after takeoff, killing all passengers and crew 
as well as people on the ground. 


Accurate civilian GPS service begins when 
the Selective Availability system is disabled. 


First astronauts arrive to crew the 
International Space Station. 


2001 ‘Terrorists use passenger airplanes in 
attacks on the United States, killing more 
than 3,000 people. 

2002 Steven Fossett makes the first solo, 
nonstop balloon flight around the world. 


2003 Space Shuttle Columbia breaks up 


while returning to Earth, killing all on board. 


Supersonic airliner Concorde is taken out of 
Service. 


2004 SpaceShipOne, the first privately 
developed space plane, wins the $10 million 
Ansari X-Prize. 

NASA’s scramjet X-43A unmanned hyper- 
sonic aircraft reaches a speed of Mach 9.6. 
NASA lands twin robot rovers, Spirit and 
Opportunity, on Mars. 


Cassini probe arrives at Saturn. 


2005 First flight of an airliner with full- 
length, two-story passenger cabins, the 
Airbus A380, takes place. 


Two major U.S. airlines, Delta and 
Northwest, file for bankruptcy. 


Steven Fossett makes the first solo, nonstop 
airplane flight around the world, in the 
Globalflyer. 


Federal Aviation Administration issues new, 
increased figures for standard passenger 
weights set in the 1990s. 


2006 Steven Fossett sets a new record for 
the world’s longest flight, when he flies 
Globalflyer 26,389 miles (42,500 kilometers) 
in a journey lasting almost 77 hours. 


Deep Impact probe intercepts the comet 
Tempel 1. 


Los Angeles Sheriffs Department begins 
using the SkySeer drone to scan crime 
scenes and locate missing people. 


Space probe New Horizons achieves record 
launch speed of 35,800 miles per hour 
(57,600 kilometers per hour). 

F-35 Lightning II Joint Strike Fighter makes 
its first flight. 

Ornithopter designed by James Delaurier 
makes a short sustained flight. 


2007 China test fires an anti-satellite 
missile by destroying an obsolete weather 
satellite. 


Steven Fossett goes missing when flying 
over the Nevada Desert. His death is 
offically declared in 2008. 
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MEASUREMENTS 


Converting from Standard to Metric Measurements 


LENGTH 

When you have 
inches (in) 
inches (in) 

feet (ft) 

miles (mi) 


AREA 


When you have 
square inches (in?) 
square inches (in’) 
square feet (ft’) 
square miles (mi?) 
acres (ac) 


VOLUME 


When you have 
fluid ounces (fl oz) 
gallons (gal) 

cubic inches (in’) 
cubic feet (ft?) 


MASS OR WEIGHT 


When you have 

ounces (oz) 

pounds (lb) 

short tons (T) (2,000 1b) 


FORCE AND PRESSURE 
TEMPERATURE 


When you have 
poundforce (lbf) 


poundforce per square inch 
(lbf/in?) 


When you have 
Fahrenheit (°F) 
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Multiply by 
25.4 

2.54 
0.3048 
1.609 


Multiply by 
645.2 

6.452 

0.093 

2.59 

0.405 


Multiply by 
29.57 

3.785 
16.387 
0.028 


Multiply by 
28.35 
0.454 
0.907 


Multiply by 
4.448 
6.894 


Multiply by 
(F-32) x 5/9 


To get 
millimeters (mm) 
centimeters (cm) 
meters (m) 
kilometers (km) 


To get 

square millimeters (mm?) 
square centimeters (cm?) 
square meters (m°?) 
square kilometers (km?) 
hectares (ha) 


To get 

milliliters (ml) 

liters (1) 

cubic centimeters (cm?) 
cubic meters (m°) 


To get 

grams (g) 
kilograms (kg) 
metric ton (t) 


To get 
newtons (n) 
kilopascals (kPa) 


To get 
Celsius (°C) 


(c) 2011 M.E. Sharpe, Inc. All Rights Reserved. 


MEASUREMENTS 


Converting from Metric to Standard Measurements 


LENGTH 

When you have Multiply by To get 

millimeters (mm) 0.039 inches (in) 
centimeters (cm) 0.39 inches (in) 

meters (m) 3.281 feet (ft) 
kilometers (km) 0.621 miles (mi) 

AREA 

When you have Multiply by To get 

square millimeters (mm?) 0.0016 square inches (in’) 
square centimeters (cm?) 0.155 square inches (in°) 
square meters (m?) 10.764 square feet (ft’) 
square kilometers (km?) 0.386 square miles (mi?) 
hectares (ha) 2.47 acres (ac) 
VOLUME 

When you have Multiply by To get 

milliliters (ml) 0.034 fluid ounces (fl oz) 
liters (1) 0.264 gallons (gal) 
cubic centimeters (cm?) 0.061 cubic inches (in’) 
cubic meters (m°) 35.314 cubic feet (ft) 


MASS OR WEIGHT 


When you have Multiply by To get 

grams (g) 0.035 ounces (oz) 

kilograms (kg) 2.2046 pounds (lb) 

metric ton (t) 1.102 short tons (T) (2,000 1b) 


FORCE AND PRESSURE 


TEMPERATURE 

When you have Multiply by To get 

newtons (n) 0.2248 poundforce (lbf) 

kilopascals (kPa) 0.145 poundforce per square inch 
(lbf/in?) 

When you have Multiply by To get 

Celsius (°C) 9/5 x C + 32 Fahrenheit (°F) 
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PLACES OF 
INTEREST 


American Helicopter Museum and 
Education Center 

1220 American Boulevard 

West Chester 

Pennsylvania 19380 

Telephone: (610) 436-9600 

www.helicoptermuseum.org 


Dryden Flight Research Center 
Edwards Air Force Base 

4800 Lilly Drive 

Edwards 

California 93523-0273 
Telephone: (661) 276-3449 
www.dfre.nasa.gov 


Future of Flight Aviation Center 
and Boeing Tour 

8415 Paine Field Boulevard 

Mukilteo 

Washington 98275 

Telephone: (888) 467-4777 

www.lfutureofflight.org 


John F. Kennedy Space Center 
Visitor Complex 

SR 405 

Cape Canaveral 

Florida 32899 

Telephone: (321) 449-4444 
www.ksc.nasa.gov 


National Air and Space Museum 
Smithsonian Institution 

National Mall Building 
Independence Ave at 4th Street, SW 
Washington, DC 20560 

Telephone: (202) 633-1000 
www.nasm.si.edu 
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National Air and Space Museum 
Smithsonian Institution 

Steven F. Udvar-Hazy Center 

14390 Air and Space Museum Parkway 
Chantilly 

Virginia 20151 

Telephone: (202) 633-1000 
www.nasm.si.edu/udvarhazy 


National Museum of the U.S. Air Force 
1100 Spaatz Street 

Wright-Patterson Air Force Base 

Ohio 45433 

Telephone: (937) 255-3286 
www.nationalmuseum.af.mil 


San Diego Aircraft Carrier Museum 
USS Midway 

Navy Pier 

910 N. Harbor Drive 

San Diego 

California 92101 

Telephone: (619) 544-9600 
www.midway.org 


United States Space and Rocket Center 
One Tranquility Base 

Huntsville 

Alabama 35805 

Telephone: (256) 837-3400 
www.spacecamp.com/museum 


Wright Brothers National Memorial 
National Park Service 

Highway 158 

Kill Devil Hills 

North Carolina 27948 

Telephone: (252) 441-7430 
www.nps.gov/wrbr/ 
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FURTHER READING 
AND WEB SITES 


BOOKS 


Ambrose, Stephen E. The Good Fight: How 
World War II Was Won. New York: Atheneum, 
2001. 


Angelo, Joseph A. Robot Spacecraft (Frontiers 
in Space series). New York: Facts on File, 2007. 


Crouch, Tom D., and Peter L. Jakab. The Wright 
Brothers and the Invention of the Aerial Age. 
Washington, DC: National Geographic, 2003. 


Dartford, Mark. Missiles and Rockets (Military 
Hardware in Action series). Minneapolis, MN: 
Lerner, 2003. 


Earhart, Amelia. The Fun of It: Random 
Records of My Own Flying and of Women in 
Aviation. 1932. Chicago: Academy Chicago, 
2006. 


Gueldenpfennig, Sonia. Spectacular Women in 
Space (The Women’s Hall of Fame series). 
Toronto, Ontario, Canada: Second Story, 2005. 


Hart, Philip S. Flying Free: America’s First 
Black Aviators. Minneapolis, MN: Lerner, 1996. 


Jackson, Robert. Helicopters: Military, Civilian, 
and Rescue Rotorcraft (Aviation Factfile series). 
San Diego, CA: Thunder Bay, 2005. 


Rinard, Judith E. Book of Flight: The 
Smithsonian National Air and Space Museum. 
Buffalo, NY: Firefly Books, 2007. 


Wright, Kenneth, ed. Scholastic Atlas of 
Space. New York: Scholastic Reference, 2005. 


WEB SITES 


Beginners’ Guide to Aerodynamics 
www.grc.nasa.gov/ WWW/K-12/ 
airplane/bga.html 


Boeing 
www.boeing.com 


Federal Aviation Administration 
www.faa.gov 


Hubble Space Telescope Picture Aloum 
www.hubblesite.org/gallery/album 


National Air and Space Museum 
Online Activities 

www.nasm.si.edu/education/ 

onlinelearning.cfm 


National Museum of the United States 
Air Force 
www.nationalmuseum.af.mil 


The Tuskegee Airmen 
www.nps.gov/history/museum/exhibits/ 
tuskegee/airoverview.htm 


United States Centennial of Flight Commission 
www.centennialofflight.gov/index.cfm 


United States Space and Rocket Center 
www.spacecamp.com 


Virtual Skies 
www. virtualskies.arc.nasa.gov 
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INDEX OF AIRCRAFT AND SPACECRAFT 


Aerodrome, 57 
AeroVironment Gossamer 

Albatross, 75, 290 
AeroVironment Gossamer 

Condor, 25, 75, 290 
AeroVironment Gossamer 

Penguin, 290-291 
Airbus 380 “Super Jumbo,” 

25, 31, 54, 55, 263, 562 
Akron, 84, 85, 86, 311 
Albatross, 588 
Altus, 59 
America (airship), 82 
Antonov An-2, 146 
Apache helicopter, 27, 307 
Atlantis, 57, 175, 181, 324, 

325, 456, 523 
Avion III, 23 
Avro Lancaster, 52, 167, 590, 

595, 596 
Avro Lancastrian, 52 
Avro Vulcan, 168 
BAE Systems Concorde, 25, 54, 59, 

194-195, 443, 544, 545, 548 
BAE Systems Sea Harrier, 569 
Battle light bomber, 593 
Beechcraft C-12 Huron, 452 
Beechcraft MQM-107 Streaker, 213 
Beechcraft T-44 Pegasus, 437 
Bell CV-22 Osprey, 58, 301 

see also Bell V-22 Osprey 
Bell Model 47 H-13 Sioux, 302 
Bell Model 209 Huey Cobra, 302 
Bell P-59 Airacomet, 137, 597 
Bell UH-1 Huey helicopter, 437 
Bell V-22 Osprey, 68, 158, 450, 

566 

see also Bell CV-22 Osprey 
Bell X-1, 25, 58, 72, 136-139, 

302, 406, 469, 546, 555 
Bell X-2, 58, 139, 307, 529 
Birdy, 212-213 
Blériot VI, 156 
Blériot XI, 12, 156 
Blohm und Voss BV 222 Viking, 241 
Blohm und Voss BV 238, 241 
Boeing 15, 160 
Boeing 21, 160 
Boeing 40, 160 
Boeing 80, 161 
Boeing 200 Monomail, 160, 348 
Boeing 214, 160 
Boeing 215, 160 
Boeing 247, 25, 52, 161, 206 
Boeing 299, 161, 166 
Boeing 307 Stratoliner, 52, 53, 162 
Boeing 314 Clipper, 161 
Boeing 367, 162 
Boeing 377 Stratocruiser, 53, 162 
Boeing 707, 24, 52, 53, 116-117, 

162, 163, 194, 205, 333, 367 
Boeing 727, 163, 490 
Boeing 737, 117, 155, 163, 433 
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Boeing 747, 25, 53, 54, 55, 57, 
71, 72, 73, 92, 158, 163, 
182, 195, 248, 263, 309, 
356, 368, 369, 523, 555 

Boeing 757, 163 

Boeing 767, 117, 163, 368, 369 

Boeing 777, 54, 162, 163, 333, 
367, 368, 369, 545, 562 

Boeing 7E7/787 Dreamliner, 
158,163, 263, 265 

Boeing B-17 Flying Fortress, 
29, 61, 159, 161, 162, 166, 
167, 241, 428, 594, 595 

Boeing B-29 Superfortress, 53, 
137, 139, 162, 167, 596 

Boeing B-47 Stratojet, 162, 167 

Boeing B-50 Superfortress, 139 

Boeing B-52 Stratofortress, 63, 
159, 162, 164, 168-169, 
267, 349, 378, 393, 529 

Boeing C-17 Globemaster, 158, 
585 

Boeing CH-47 Chinook, 158, 
305-306 

Boeing E-3 Sentry, 116, 117, 163 

Boeing F3B-1, 66 

Boeing F-15 Eagle, 54, 63, 64, 
113, 158, 237, 266, 437, 
475, 529 

Boeing F-22 Raptor, 18, 113, 158, 
228, 231, 367, 454, 542, 543 

Boeing KC-135 Stratotanker, 163 

Boeing Model 1, 160, 239 

Boeing P-12, 161 

Boeing P-26 “Peashooter,” 161, 
366 

Boeing/Stearman Model 75, 
146-147 

Boeing X-45, 72, 159, 267 

Boeing X-48, 72, 266 

Boeing Wedgetail, 117 

Breguet Br-14, 590 

Breitling Orbiter III, 123 

Bristol Beaufighter, 596 

British Aerospace Nimrod, 205 

Bumper 8, 170 

Buran shuttle, 521, 522 

Canadair CL-84, 568 

Canadair CL-215, 243 

Caproni Ca42, 589 

CargoLifter, 86, 87 

Caspian Sea Monster, see KM 

Cassini spacecraft, 273, 412, 506 

Cessna 152, 33, 53 

Cessna T-37, 437 

Challenger, 103, 106, 174-175, 
177, 313, 410, 460, 471, 
501, 523, 526-527 

Chance Vought F4U Corsair, 235 

Chance Vought F8U Crusader, 
221 

Chandra, 477 

Cierva autogiro, 25, 110, 111 


Columbia (command module), 
95, 98, 99, 103 

Columbia (Space Shuttle), 106, 
174, 175, 176-177, 270, 
410, 461, 471, 477, 501, 
523, 524, 526, 527 

Columbus, 270 

Consolidated B-24 Liberator, 
62, 167, 597 

Consolidated PB2Y Coronado, 241 

Consolidated PBY Catalina, 
167, 240-241, 597 

Convair 580, 552 

Convair B-36, 63, 168 

Convair B-58 Hustler, 169 

Convair C-131 Samaritan, 552 

Convair F2-Y1 Sea Dart, 58, 240 

Convair XFY-1 Pogo, 58, 568 

Corot spacecraft, 273 

Curtiss Flying Fish, 239, 587 

Curtiss JN-4 Jenny, 134, 135, 199 

Curtiss June Bug, 198, 239, 430 

Curtiss NC-4, 239 

Curtiss P-40, 61 

Curtiss SBC Helldiver, 146 

Curtiss Seagull, 146 

CV-22 Osprey, 58, 301 

see also V-22 Osprey 

De Havilland Comet, 24, 25, 53, 
202-205 

De Havilland DH-2, 587 

De Havilland DH-4, 590 

De Havilland Mosquito, 167, 202, 
594 

De Havilland Tiger Moth, 33, 146 

De Havilland Vampire, 67 

Deep Impact, 340, 418 

Derwitzer glider, 359 

Destiny, 325, 327, 328 

Deutschland, 84 

Dewoitine D.520, 593 

DFS 194, 57 

Discovery, 112, 175, 279, 313, 
326, 335, 523, 527 

Dornier Do-17, 167 

Dornier Do-217, 598 

Dornier Do-335 Pfeil “Arrow,” 
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523; 524, 526, 527 
Columbus, 270 
Combat Air Vehicle, 158 
commercial aircraft, 50-55, 
154, 157, 158, 161, 162, 
163, 240, 248, 333 
see also airliner, individual 
aircraft, types of aircraft 


(c) 2011 M.E. Sharpe, Inc. All Rights Reserved. 


communication, 165, 188-193 
in aircraft, 47, 116, 188-191 
in spacecraft, 37, 188, 191-193 
compass, 416 
computers, 17, 19, 20, 71-72, 
96, 101, 114, 115, 435, 
436, 536, 541, 543, 550, 
551, 553, 554 
Concorde, 25, 54, 59, 194-195, 
443, 544, 545, 548 
Congreve, William, 462 
Conrad, Charles, 99 
Consolidated Aircraft, 240 
Consolidated B-24 Liberator, 
62, 167, 597 
Consolidated PB2Y Coronado, 
241 
Consolidated PBY Catalina, 
167, 240-241, 597 
Constellation (airplane), 53, 
71, 319 
Constellation Program, 269, 
338, 339 
control and stability, see 
stability and control 
control surface, 154, 196, 206, 
344, 438, 439, 440, 441, 
447, 468, 535-536, 554, 
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Davis, Jan, 104 

DC-2, 206 

DC-3, 52, 206-209, 225 

DC-8, 205 

De Havilland, 202 

De Havilland, Geoffrey, 74, 
587 

De Havilland Comet, 24, 25, 
53, 202-205 

De Havilland DH-2, 587 

De Havilland DH-4, 590 

De Havilland Mosquito, 167, 
202, 594 

De Havilland Tiger Moth, 33, 
146 

De Havilland Vampire, 67 

Debus, Kurt H., 339 

Deep Impact, 340, 418 

Deep Space Network, 192-193, 
419, 507 

Delaroche, Elise Raymonde, 
431 

Delaurier, James, 424, 425 

Denny, Reginald, 210 

Derwitzer glider, 359 

Destiny, 325, 327, 328 

Deutschland, 84 

Dewoitine D.520, 593 

Dezhurov, Vladimir, 521 

DFS 194, 57 

DH-2, 587 

DH-4, 590 

Diavalo, 135 

dirigible, see airship 
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Discovery, 112, 175, 279, 313, 
326, 335, 523, 527 

Dobrovolski, Georgi, 520 

docking, 455, 456, 520, 521, 
523 

Doolittle, James, 392, 431 

Dornier Do-17, 167 

Dornier Do-217, 598 

Dornier Do-335 Pfeil “Arrow,” 
451, 598 

Dornier Do-X, 239 

Dornier Whale, 240 

Double Eagle II, 123 

Double Eagle V, 123 

Douglas, Donald, 74 

Douglas A-20, 367 

Douglas Aircraft Company, 
367 

Douglas C-47 Skytrain, 
207-208, 209, 599 

Douglas C-54 Skymaster, 599 

Douglas Commercial 28, 29, 
30, 52 

Douglas DC-2, 206 

Douglas DC-3, 52, 206-209, 
225 

Douglas, DC-8, 205 

Douglas Gooney Bird, 207 

Douglas Skyrocket, 58, 139 

Douglas Skysleeper, 206 

Douglas Skystreak, 139 

Douglas TBD Devastator, 67 

Douglas World Cruiser, 239 

Douhet, Giulio, 165, 593 

Dowding, Hugh, 593 

drag, 14, 15, 16, 17, 22, 32, 33, 
39, 41, 118, 119, 144, 145, 
173, 227, 228, 245, 283, 
322, 337, 348, 354-357, 
449, 538, 544, 555, 557, 
561, 562, 563, 565, 580, 
581, 582, 583, 584 

Dragon Eye, 211 

drone, 24, 25, 63, 210-213, 
266, 267 

Ducrocq, Maurice, 88 

Dudley-Williams, Rolf, 574 

Duo Discus, 285 

Duque, Pedro, 294 

E-2 Hawkeye, 117 

E-3 Sentry, 116, 117, 163 

EADS, see Aeronautic Defense 
and Space Company 

Eagle, 95, 98, 99, 103 

Earhart, Amelia, 214-217, 431 

Earth, 520, 522, 523, 525, 
530, 551, 557, 561, 572, 
573 

Earth orbit, 39, 94, 96, 97, 105, 
106, 191, 193, 245, 246, 
269, 274, 275, 276, 277, 


Earth orbit (continued) 
278, 287, 312, 313, 324, 
331, 395, 408, 421, 456, 
470, 473, 474, 496, 497, 
499, 502, 503, 518, 519, 
524, 529, 532, 533, 573 
geostationary, 191-192 
Eastern Airlines, 589 
Echo, 541 
Eckener, Hugo, 85, 308 
Eddy, William A., 342 
Egypt, 398 
Eighth Air Force, 431, 596 
Eilmer, 21 
Eindecker, 587 
Einstein, Albert, 218-219, 420, 
458, 459, 564 
Eisenhower, President 
Dwight D., 406, 532 
ejection seat, 63, 138, 182, 
220-221, 426, 428, 429, 
469 
ekranoplan, 334 
electric aircraft, 262, 265, 
266, 290 
electronics, 48, 101, 112-117, 
368, 415-417, 520, 521 
Elementary Satellite 1, see 
Sputnik 1 
elevator, 32, 156, 172, 196, 
206, 345, 438, 439, 440, 
536, 554, 555, 556, 559, 
560, 567 
elevon, 439, 441 
Elliott, Edward, 216 
Ely, Eugene, 66 
Embraer, 31 
Endeavour, 104, 175, 325, 411, 
523 
energy, 188, 193, 218, 
222-225, 248 
engine, 89, 140, 141, 145, 181, 
196, 198, 206, 209, 225, 
226-231, 244, 245, 248, 
264, 267, 280, 294, 364, 
447, 450, 451, 484, 495, 
497, 502, 540, 542, 544, 
549, 555, 559, 563, 566, 
568, 570, 572, 574, 575, 
578, 589, 590, 602 
air breathing, 412 
airship, 309 
failure, 357 
gas turbine, 42 
gasoline, 22-23, 140, 226, 
345 
glider, 281, 345 
helicopter, 300, 301, 302, 
304 
ion, 271-272, 497 
inline, 229 
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engine (continued) 
jeG.25, 55,136, 137, 162, 
168, 202, 204, 210, 224, 
229, 230, 231, 240, 245, 
248, 304, 332, 333, 375, 
377, 394, 442, 448, 462, 
468, 481, 494, 539, 541, 
549, 562, 567, 568, 570, 
571, 574, 575, 597, 598 
piston, 13, 53, 54, 142-143, 
147, 162, 226, 227, 235, 
248, 250, 302, 304, 333, 
448, 539, 597 
radial, 161, 207, 228-229 
ramjet, 231 
rocket, 95, 118, 136, 137, 463 
rotary, 226, 227, 228 
Space Shuttle, 441, 495, 
522, 523, 525, 526, 5600, 
563 
steam, 21, 22, 23, 56, 68, 
82, 173, 226, 301 
turbine, 227, 228, 229-231, 
267, 333, 449, 555 
turbofan, 54, 117, 227, 
230-231, 333, 443, 541 
turbojet, 194, 202, 227, 
229-230 
turboprop, 53, 54, 65, 168, 
227, 231, 333, 437, 448, 
449, 552 
turboshaft, 23, 227, 304 
England, 22, 41, 52, 79, 80, 
84, 85, 90, 91, 138, 156, 
172, 194, 239, 281, 290, 
291, 302, 333, 362, 363, 
420, 421, 430, 431, 455 
see also United Kingdom 
English Channel, 156-157, 
290, 291, 431 
Enterprise, 523 
environmental issues, 31, 
37-39, 55, 87, 195, 251, 
263, 268, 442-443, 473, 
475, 549 
see also pollution 
éole, 23 
Eros, 398 
Etana, King of Sumer, 402-403 
Eurofighter Typhoon, 542, 581 
Europa, 272 
Europe, 30, 55, 144, 184, 207, 
210, 270, 286, 325, 416, 
427, 431, 462, 586, 590, 
592, 596, 600, 602 
see also individual countries 
European Automated Transfer 
Vehicle (ATV), 270, 327 
European Space Agency 
(ESA), 270, 272, 325, 
406, 521 
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EVA, see extra-vehicular activity 
exosphere, 35, 36 
experimental aircraft, 56-59, 
72, 73, 158, 185, 267, 
280, 290, 318, 344, 358, 
359, 451, 541, 542, 546, 
549, 552, 583, 584, 601 
floatplane, 209 
hypersonic, 163 
nuclear-powered, 224 
solar-powered, 224 
supersonic, 136, 137, 139, 
169 
X-plane, 56, 72 
see also names of aircraft 
models 
Explorer 1, 339, 406, 471, 474, 
498, 499, 519, 520, 530 
extra-vehicular activity (EVA), 
96, 104, 107-108, 109, 
335, 408, 526, 527 
F2H-1 Banshee, 221 
F3B-1, 66 
F-4 Phantom, 67, 169, 235, 
237 
F4U Corsair, 235 
F-5, 549 
F6F Hellcat, 66, 235, 595, 597 
F7 Tigercat, 62 
F8 Bearcat, 62 
F8U Crusader, 221 
F9F Panther, 62, 67 
F-14 Tomcat, 62, 68, 69, 71, 
113, 237 
F-15 Eagle, 54, 63, 64, 113, 
158, 237, 266, 437, 475, 
529 
F-16 Fighting Falcon, 13, 221, 
237, 437, 541, 545 
F-18, 196 
F-22 Raptor, 18, 113, 158, 228, 
231, 367, 454, 542, 543 
F-35 Lightning II Joint Strike 
Fighter, 27, 230, 237, 267, 
542, 570, 571 
F-35B, 570, 571 
F-80 Shooting Star, 236 
F-84 Thunderjet, 236 
F-86 Sabre, 61, 235 
F-94 Starfire, 236 
F-100 Super Sabre, 63, 221, 
546, 547 
F-104 Starfighter, 63, 355, 356 
F-105 Thunderchief, 169 
F-111 Aardvark, 529 
F-117 Nighthawk, 59, 63, 73, 
236, 237, 367, 540, 541- 
542, 543, 555 
F/A-18 Hornet, 12, 68, 158, 
164, 183, 196, 349, 374, 
544 


632 


GENERAL INDEX 


FAA, see Federal Aviation 
Administration 
Fabre, Henri, 239 
Fabre Hydravion, 239 
Fairey Delta 2 (FD-2), 58 
Fairey Rotodyne, 301 
Fairey Swordfish, 146 
FB5 Gunbus, 232-233, 587 
Federal Aviation 
Administration (FAA), 44, 
76, 123, 179, 190, 263, 
285, 370, 433, 434, 435, 
437, 489, 491, 537, 550 
FH-1 Phantom, 67 
fighter plane, 18, 24, 57, 58, 61, 
63, 70, 158, 164, 165, 203, 
221, 232-237, 240, 246, 
266, 332, 333, 334, 352, 
366, 367, 437, 439, 445, 
450, 469, 475, 528, 536, 
543, 545, 546, 547, 549, 
550, 563, 570, 571, 584 
cockpit and controls, 
182-183 
early, 160, 232-233 
engine, 229, 230, 231 
modern, 158-159, 236-237 
World War I, 60, 145, 156, 
157, 165, 227, 232, 233, 
430, 586, 587-588, 589, 
590, 591 
World War II, 62, 67, 162, 
229, 232, 233, 234-235, 
423, 429, 432, 433, 451, 
454, 464, 592, 593, 594, 
595, 596, 597, 599 
see also military aircraft, 
names of aircraft models 
Fincke, Mike, 329 
Firehawk helicopter, 303 
Firnas, Abbas Ibn, 21 
flap, 283, 284 
flight plan, 47-48, 436 
flight service station (FSS), 46 
flight simulator, 435 
floatplane, see seaplane 
Flyer, 144, 165, 344-347, 364, 
450, 602 
flying boat, 52, 57, 61, 71, 161, 
199, 238-243, 316, 318, 
483, 484, 597 
flying car, 265 
Flying Fish, 239, 587 
flying wing, see blended wing 
body (BWB) 
Focke-Achgelis FW-61, 301 
Focke-Wulf Fw 190, 234, 595 
Fokker, 145 
Fokker, Anthony, 233, 587, 588 
Fokker D.VIII, 233 
Fokker Eindecker, 587 


Fonck, Paul-René, 233 
force, 173, 244-247 
Fossett, Steve, 91, 436 
France, 30, 51, 60, 62, 83, 117, 
120, 121, 266, 290, 299, 
308, 347, 365, 371, 390, 
396, 397, 427, 430, 431, 
471, 544, 587, 588, 590, 
591, 592, 593, 594, 603 
Franklin, Benjamin, 343 
French Federation 
Aeronautique 
Internationale (FAI), 284 
frequency, 188, 189, 191 
in space, 245, 246 
friction, 244-245 
Friedman, Louis, 501 
Friendship 7, 105, 106, 278 
Frontier Airlines, 433 
Fruin, J. L., 221 
fuel, 17, 31, 34, 37, 42, 47, 55, 
57, 95, 137, 197, 181, 
195, 222-223, 224, 228, 
231, 248-251, 263, 209, 
271, 272, 290, 294, 395, 
418, 429, 436, 443, 447, 
467, 477, 523, 536, 537, 
544, 555, 584, 599 
Avgas, 248, 250 
flashpoint, 250 
future, 251 
jet, 224, 248-249, 250 
rocket, 175, 224, 249-251, 
462, 463, 464, 473, 
497, 500, 502 
solid, 251 
systems, 143, 226 
Furnas, Charles, 603 
Fw 190, 234, 595 
G-550, 117 
GAAS MQ-1 Predator, 59, 212 
Gagarin, Yuri, 94, 105, 106, 
274-275, 277, 519, 533 
Galileo, 272, 504, 506 
Galileo (GPS system), 286 
Galileo, Galilei, 292 
Garn, Jake, 109 
Garnerin, André Jacques, 426, 
427 
Garros, Roland, 588 
Garuda, 398, 401 
gases, 14, 34, 36, 37, 120 
in airships, 22, 82, 83, 85, 86 
in balloons, 120, 121, 122 
Gates, Ivan, 135 
Gatutka, 400 
GE90-115B, 333 
GE-Aviation, 27 
Gemini, Project, 96, 102, 106, 
171, 334, 340, 367, 408, 
455, 481, 520, 561, 585 
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General Dynamics, 31 
General Dynamics F-16 
Fighting Falcon, 13, 221, 
237, 437, 541, 545 
General Dynamics F-111 
Aardvark, 529 
Genesis, 273 
George Washington Parke 
Custis, 66 
Germany, 29, 62, 83, 84, 86, 
140, 141, 144, 166, 167, 
218, 219, 229, 281, 301, 
308, 333, 371, 375, 402, 
422, 423, 428, 454, 455, 
463, 467, 500, 518, 575, 
586, 587, 588, 589, 590, 
591, 592, 593, 594, 595, 
596, 597, 598, 599 
g-force, 13, 220, 246-247 
Gibson, Robert, 521 
Gidzenko, Yuri, 326 
Giffard, Henri, 21, 22, 82-83 
Gilruth, Robert, 408, 501 
Glaisher, James, 447 
Glamorous Glennis, 138, 139 
Glenn, John H., 96, 105-106, 
109, 276-279, 408, 519 
glider and gliding, 17, 33, 201, 
207, 223, 262, 265, 280- 
285, 297, 298, 354, 356, 
425, 434, 539, 559, 576, 
582, 600 
classification of, 284 
design of, 281, 283, 358- 
359, 368 
early, 16, 21, 22, 23, 25, 56, 
172, 173, 184, 280-281, 
296, 358-359 
glide ratio, 282-283, 356 
launching, 283-284 
military, 281, 282 
powered, 344-347 
see also hang glider 
GlobalFlyer, 75, 436 
Global Hawk, 24, 211-212 
Global Navigation Satellite 
System (GLONASS), 286 
Global Positioning System 
(GPS), 49, 285, 286-289, 
297, 373, 374, 416, 417, 
459, 475, 551 
Gloster, 575 
Gloster Meteor, 137-138, 235 
Goddard, Robert H., 363, 463, 
465, 500 
Goodlin, Chalmers, 137 
Goodyear C-7, 85 
Gooney Bird, 207 
Gossamer Albatross, 75, 290 
Gossamer Condor, 25, 75, 290 
Gossamer Penguin, 290-291 


Gotha bomber, 165, 590 
Graf Zeppelin, 
see Zeppelin LZ-127 
Grand, 483 
gravity, 13, 20, 34, 36, 39, 97, 
104, 106, 118, 218, 222, 
244, 245, 246, 247, 268, 
292-295, 376, 418, 420, 
427, 440, 444, 459, 463, 
470, 474, 496, 497, 503, 
530, 536, 537, 557, 565, 
572, 573 
Great Britain, see United 
Kingdom 
Greece, 398, 399, 403, 589 
Green, Andy, 337 
greenhouse effect, 37-39, 55, 
443 
griffin, 403 
Griffin, Michael, 408 
Grissom, Virgil “Gus,” 96, 105, 
106, 276, 277, 520 
ground effect, 40, 41, 43 
vehicle, 334 
Grumman Albatross, 243 
Grumman F6F Hellcat, 66, 235, 
595, 597 
Grumman F7 Tigercat, 62 
Grumman F8 Bearcat, 62 
Grumman F9F Panther, 62, 67 
Grumman F-14 Tomcat, 62, 68, 
69, 71, 113, 237 
Grumman X-29, 584 
Guest, Amy Phipps, 214 
Gulf War, 65, 68, 236, 237, 542 
Gulfstream aircraft, 117 
Gurevich, Mikhail, 74 
Gusmao, Bartolomeu de, 120 
Gwynne, Harry, 587 
Haise, Fred, 100, 192 
Hale, William, 463 
Halifax, 595 
handheld maneuvering unit 
(HHMU), 334 
Handley Page, 588 
Handley Page 0/100, 589 
Handley Page 0/400, 165, 590 
Handley Page 42, 52, 145 
Handley Page Halifax, 595 
Handley Page V/1500, 590 
Hands-On Throttle-and-Stick 
(HOTAS), 183 
hang glider, 144, 265, 296- 
299, 354, 370, 372, 528, 
535, 585 
early, 296-297 
launching, 297-298 
see also glider 
hangar, 12, 77, 86 
Hargrave, Lawrence, 144, 343, 
425 
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Harrier jump jet, see 
McDonnell Douglas 
AV-8B Harrier Jump Jet 

Harris, Harold, 428 

Hartmann, Erich, 233 

Hawker company, 569, 595 

Hawker Fury, 145 

Hawker Hurricane, 62, 234, 
594, 595 

Hawker P.1127 Kestrel, 58, 569 

Hawker Tempest, 234 

heading, 181, 182 

Head-Up Display (HUD), 183 

heavier-than-air craft, 359 

Heinkel, 575 

Heinkel He-111, 167 

Heinkel He-162, 597 

Heinkel He-178, 25, 57, 229, 
597 

helicopter, 27, 58, 77, 110, 111, 
158, 213, 238, 245, 273, 
300-307, 320, 332, 344, 
348, 430, 436, 437, 450, 
478, 486, 487, 495, 538, 
553, 556, 559, 560, 566, 
569, 585, 592, 599, 600 

cockpit and controls, 183, 
304 

control surface, 440-441 

design, 200, 201 

development of, 24, 25 

early, 172, 173, 300-301, 
482, 483, 484-485 

engine, 229, 231 

manufacture of, 318 

military, 64-65, 302-303, 
305, 307, 374, 416, 485 

single-rotor, 304-305, 306 

twin-rotor, 305-306 

use of, 306-307 

see also names of aircraft 
models 

Helios, 398 

Helios 2, 529 

Helios Prototype aircraft, 262 

helium, 309, 447, 559, 560 

Hermes, 402 

Herndon, Hugh, 431 

Hero of Alexandria, 229, 332 

Hertz, Heinrich, 454 

Hewitt-Sperry Automatic 
Airplane, 210 

Hiller VZ-1 Pawnee, 58 

Hiller X-18, 568 

Hindenburg, 21, 86, 87, 
308-311 

design of, 309 

disaster, 310-311 

traveling on, 309 
Hindenburg, Paul von, 308 
Hitler, Adolf, 218, 219 


HNS-1 Hoverfly, 483 
Holland, 402, 587, 593 
Honeywell, 31 
Horus, 398 
Houdon, Jean-Antoine, 396 
hovercraft, see air-cushion 
vehicle 
H.P. 42, 52, 145 
Hubble, Edwin Powell, 312 
Hubble Space Telescope, 191, 
312-315, 395, 411, 470, 
474, 525 
Huerta, Victoriano, 232 
Hughes, Howard, 216-217, 
241-242, 316-319 
Hughes Aircraft, 316, 318 
Hughes AH-64D Apache, 158, 
307 
Hughes H-1, 317 
Hughes H-4 Hercules, 
241-242, 318 
Hughes XF-11, 318 
Hülsmeyer, Christian, 454 
human-powered airplane, 290 
Hurricane, 62, 234, 594, 595 
Husband, Rick, 176 
Huygens (probe), 506 
Huygens/Cassini mission, 
272, 273, 340 
hydraulics, 444, 447 
Hydravion, 239 
hydrogen, 175, 249, 251, 266, 
309, 447, 464, 466, 523 
HyperSoar, 264, 267 
hypersonic aircraft and flight, 
163, 264, 267, 413, 528, 
579 
Icarus, 148, 400-401 
Il-76, 117 
Ilya Mourometz, 145, 589 
Immelman, Max, 588 
India, 263, 398, 399, 462, 
471, 477 
inertial guidance, 49 
Ingle, Gladys, 135 
insect, 320-323, 567 
experiments with, 321 
flight, 322-323 
halteres, 322, 323, 567 
migration, 323 
prehistoric, 320 
wings, 320, 321 
International Civil Aviation 
Organization (ICAO), 44, 
78 
International Radiotelephony 
Spelling Alphabet, 
189, 190 
International Space Station 
(ISS), 31, 39, 104, 107, 
108, 109, 159, 191, 192, 


(c) 2011 M.E. Sharpe, Inc. All Rights Reserved. 


International Space Station 
(continued) 
269, 270, 271, 294, 324- 
331, 410, 411, 446, 461, 
470, 521, 523, 526, 527 
construction of, 325-326, 
369 
life on board, 327-331 
Space Shuttle and, 418, 
456, 501 
travel to, 326 
interrupter gear, 233, 451, 588, 
591 
ionosphere, 36-37 
Iraq, 412, 433 
Iraq War, 68, 305, 307 
Ireland, see United Kingdom 
Irvin, Leslie, 428 
Irwin, James, 100 
Israel, 398, 471, 491, 492 
Italy, 165, 432, 454, 589, 593, 
598 
J-1, 587 
James Webb Space Telescope, 
315 
Japan, 30, 54, 55, 146, 167, 
208, 219, 392, 393, 399, 
431, 471, 476, 592, 596, 
597, 598, 599 
in World War II, 29, 62, 67 
Japanese Aerospace 
Exploration Agency 
(JAXA), 270, 325 
Jarvis, Gregory B., 175 
Jason 2, 268 
Jatayu, 401 
Jeffries, John, 121 
Jemison, Mae, 104, 109 
jet and jet power, 263, 266, 
332-337 
commercial use of, 333 
development of, 333 
in space, 334 
jet plane, 224, 245, 248, 250, 
426, 429, 430, 433, 443, 
528, 543, 546, 549, 559, 
566, 567, 569, 575, 580, 
583, 597, 598, 599 
airliner, 24, 25, 29, 53, 54, 
162, 163, 194, 202-205, 
248, 250 
business, 55, 77, 182 
development of, 24, 29, 53, 
57, 62, 63, 67, 137, 162, 
179, 202, 229 
military, 13, 58, 62, 63, 67, 
68, 138, 162, 167, 168, 
221, 235, 236, 240, 248 
speed of, 13, 54 
see also names of aircraft 
models 
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Jet Propulsion Laboratory (JPL), 
407, 408, 412, 499, 507 

jet stream, 34 

jetpack, 107-108, 335, 336 

Joersz, Eldon W., 529 

Jones, Brian, 123 

Joule, John Prescott, 224 

Ju-87 Stuka, 167, 594 

jumbo jet, 394, 547 

June Bug, 198, 239, 430 

Junkers, Hugo, 74, 587 

Junkers J-1, 587 

Junkers Ju-87 Stuka, 167, 594 

Juno, 273 

Jupiter, 272, 273, 294, 314, 
411, 496, 500, 502, 503, 
504, 506 

Kawus, King Kai, 403 

KC-10 Extender, 65 

KC-135 Stratotanker, 163 

Kellett autogiro, 111 

Kelly, Oakley, 392 

Kennedy, President John F., 94, 
96, 278, 339, 408, 409, 
519 

Kennedy Space Center, 97, 170, 
171, 177, 411, 412, 461, 
523, 526, 527 

Khrushchev, Nikita, 275, 518 

Kibaga, 400 

Kibo, 270 

kite, 14-15, 20, 23, 25, 119, 
144, 284, 342-343, 344, 
370, 580, 601 

early, 342 
man-lifting, 184, 342 

Kittinger, Joseph, 122, 487 

Kitty Hawk Flyer, see Flyer 

Kliper, 270 

KLM, 51 

KM, 334 

Komarov, Vladimir, 106, 520 

Korean War, 64, 67, 102, 105, 
209, 235, 236, 276, 302, 
485 

Koroglu, 400 

Korolev, Sergey, 501, 531 

Kraft, Chris, 408 

Krebs, Arthur, 83 

Krikalyov, Sergey, 326 

Kubasov, Valery, 101 

La France, 83 

Laika, 470, 518, 532, 533 

Lamb, Dean I., 232 

Lambert, Charles de, 156 

Lancaster bomber, 52, 167, 
590, 595, 596 

Lancastrian, 52 

landing, see takeoff and landing 

Landing Craft Air Cushioned 
(LCAC), 42 
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landing gear, 16, 115, 198-199, 
206, 317, 348-349, 434, 
447, 525, 559, 568 

on aircraft carriers, 69 

Langley, Samuel Pierpoint, 
56-57 

Langley Research Center, 407, 
550, 577, 579 

Lasser, David, 500 

Latham, Hubert, 157 

Law, Ruth, 430 

Learjet, 445, 583 

Lebanon, 490 

Lee, Mark, 335 

legends, see myths and legends 

Leibniz, Gottfried Wilhelm, 
421 

Lemay, Curtis, 596 

Lenormand, Sebastien, 427 

Leonardo da Vinci, see da 
Vinci, Leonardo 

Leonov, Alexei, 101, 107 

lift, 14, 15 16, 20, 22, 32, 40, 
68, 87, 110, 119, 143, 144, 
145, 173, 245, 282, 283, 
300, 304, 322, 348, 354- 
357, 424, 425, 438, 440, 
534, 538, 558, 559, 562, 
566, 567, 568, 570, 571, 
580, 581, 583, 584, 585 

in birds, 148, 149, 150, 151, 
152, 201 

lift-to-drag ratio, 584 

light aircraft, 55, 77 

lighter-than-air craft, 357, 
559 

lightning, 114, 115 

Lilienthal, Gustav, 17 

Lilienthal, Otto, 17, 23, 144, 
280, 281, 296, 297, 344, 
345, 358-359, 601 

Lindbergh, Anne Morrow, 
362-363 

Lindbergh, Charles, 75, 135, 
214, 215, 360-363, 431 

Lindstrand, Per, 123 

Lockheed 14, 317 

Lockheed C-5 Galaxy, 63, 65, 
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